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e* / yNiT+1 Review of C programming language. Introduction to Data Structure 
concepts of Data and Information, Classification of Data stract 
Ua 


pata Types, Implementation aspects —- Memory representatior 
operations and its cost estimation. Introduction to linear dat 
arrays; Linked List —- Representation of linked list in mernory, dif 
implementation of linked list. Circular linked list, doubly linked list 

Application of linked list : polynomial manipulation using linked list, etc 


The Present Editon of this book Data Structure (CS) Stands out distingyy 
from others on account of the following salient features. UNIT-2 : Stacks : Stacks as ADT, Different implementation of stack, multiple 
stacks. Application of Stack : Conversion of infix to postfix notation using 
@ This book Covers Complete New Syilabus as Prescribed by RGpy stack, evaluation of postfix expression, Recursion. Queues : Queues as 
Bhopal. ADT, Different implementation of queue, Circular queue, Concept of Dqueue 
and Priority Queue, Queue simulation, Application of queues. 


@ This bookis according to New Scheme & Syllabus of Examinations, 
UNIT-3 ; Tree : Definitions — Height, depth, order, degree, etc. Binary Search 
@ This books thoroughly revised with a view to making itmore student friendly Tree - Operations, Traversal, Search. AVL Tree, Heap, Applications and 
* gomparison of various types of tree; Introduction to forest, multi-way Tree, B 
4@ This book covers each and every topic in lucid and simple language with tree, B* tree, B* tree and red-black tree. 


questions and answer form with easy solutions. 
UNIT-4: Graph : Introduction, Classification of graph : Directed and Undirected 


1) This book has been presented on Teach Yourself technique without graphs, etc., Representation, Graph Traversal Depth First Search (DFS), 
assuming any prior knowledge of the subject. Breadth First Search (BFS), Graph algorithm : Minimum Spanning Tree (MST) 
—Kruskal, Prim’s algorithms, Dijkstra’s shortest path algorithm; Comparison 


: Lapa dee apiagrans > es between different graph algorithms. Application of graphs. 
‘his book includes Complete Topics organised in to increasing degree of UNIT-5 : Sorting : Introduction, Sort methods like - Bubble Sort, Quick sort. 
: omplexity, Nos ofNumerical Problems with easy solution. Selection sort, Heap sort, Insertion sort, Shell sort, Merge sort and Radix 
sort; comparison of various sorting techniques. Searching : Basic Search 
Questions set at examinations of R.G.P.V. Bhopal are included Techniques : Sequential search, Binary search, comparison of search 
, apter-wise with Full Solutions/Answers. methods. Hashing & Indexing. Case Study : Application of various data 
Peres structures in operating system, DBMS etc. . 


‘have referred to a number of books on Data Structure (CS) 
“e writing of this book. Still we would whole heartely accept 
wstions for improvement offered by the reader. We hope this 


-vill meet all the requirements of the readers and come up to += Edition : 2019 © 
——— re 


pectations. 


Price : Rs. 115.00 (Rs. One Hundred Fifteen Only) 
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Application of Stack ~ Conversion of infix to postfix notation using 


stack, evaluation of postfix expression, RECUTSION ssmrrenmeerreerrreeeennn(69 to 84 Ans 


Queues - Queues as ADT, Different implementation of queue 
Circular queue, Concept of Dqueue and Priority Queue, Queue 
simulation, Application of queues 


is language is powerful and attracting considerable attention 
.~(85 to 104 worldwide because the software industry is adopting the language to great 
advantage. 


UNIT-3 : Tree 


‘Tt replaced the more familiar 
PLII, and Pascali{Where it 

AVL Tree, Heap, Applications and comparison of various types of tree.....(116 to 144 differs is that C permits very close interaction with the inner working of the 
Introduction to forest, multi-way Tree, B tree, B* tree, B* tree and red- computer. 
black tree - ae SeereeetTastoses noses sees (144 to 179 
UNIT4: Graphs 
Introduction, Classification of graph - Directed and Undirected 
graphs, etc., Representation wmnmnmnnnnnanminnnennenssnennsin 
Graph Traversal - Depth First Search (DFS), Breadth First Search ts 0.2. Write short note on “History of C”. 
2 nS See ee 7 - mpeg! 
Graph algorithm — Minimum Spanning Tree (MST) — Kruskal, Prim's Ans. There were so many languages into existence by 1960, almost each 
algorithms, Dikstra’s shortest path tan. for a specific purpose. For example, COBOL was being used for commercial 
different graph algorithms, ‘of graphs vumununwen(197 0220 applications, FORTRAN for Engineering and Scientific applications and so 
unitactedinaed . ~~ wy mt on. So people started thinking that instead of learning and using so many 


Introduction, Sort methods like - languages, why not use only one language which can program all possible 


sae 


sort, Heap sort, Insertion sort, Shell applications. Therefore, an international committee was set up to develop such 
comparison of various so (221 to 280 a language. This committee came out with a language, ALGOL 60. However, 
Searching ~ Basic chnique er Binary this language never became popular because it seemed too abstract, too general. 
search, comparison of search Hashing surnerns(281 to 294 To Teduce this abstractness and generality, a new language called combined 
Case a ef basis i b ing Language (CPL) was developed at Cambridge University. But, 
—_— “eeerrrarrncrrsarnannrnrarns 294 10 296 it was very hard to learn and difficult to implement. 
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Basic Combined Programming Language (BCPL) was developed by Man 
Richards at Cambridge University to solve this problem by bringing Cp] dn 
toits basic good features. But unfortunately ittumed out to be (00 less poy 
and too specific, Around some time a language called B was written hy : 
Thompson at AT & T's Bell labs. But like (BCPL), B too turned out to be Vg 
specific. Then, by inheriting the features of B and BCPL, and some o¢ % 
own, Ritchie developed C. 

0.3. Explain various distinct features of a C language. 


Ans, The various distinct features of a C language are as follows — 

(i) It is a robust language whose rich set of built-in functions ang 
operators can be used to write any complex program. 

(i) ‘TheC compiler combines the capabilities of an assembly languag. 
with the features of a high-level language and therefore it is well suited 4, 
writing both system software and business packages. 

(iii) Programs written in C are efficient and fast. This is due to ity 
variety of data types and powerful operators. 

(iv) Cis highly portable. This means that C programs written for on, 
computer can be run on another with little or no modification. 

(v) Cee ee thus requiring 


the user to think of a of function modules or blocks. 
(vi) Another i feof Cit bly extend itself, 
Q.4. Explain the ofaC program. 
Ans. A C program can be viewed as a gr of building blocks calle¢ 
functions. ses AC ‘one or more statement: 
designed to perform 2 specific proj y contain one Or more 


Classification of Data Structure 5 


5 


(vi) Subprogram section contains all the user-defined functions tha 
called in the main function. User defined functions are generally placed 
Boonen after main function, although they may appear in any order. 
i 


Ch 
Documentation Section 
Link Section 
Definition Section 
main( ) Function Section 


{ 


Declaration Part 
Executable Part 


} 
a. 


Fig, 1.1 An Overview of the Structure of a C Program 
0.5. What is operator precedence ? Explain the priority and associativity 
of operators in. 

Ans. The precedence of an operator is used to determine how an expression 
involving more than one operator is evaluated. There are distinct levels of 

ce and an operator may belong to one of the levels. The operators at 
the higher level of precedence are evaluated first. The operators of the same 
are evaluated either left to right or from right to left, depending on 

the level. This is known as associativity property of an operator. 

Table 1.1 provides a complete list of operators, their precedence levels, 
and their rules of association. The groups are listed in the order of decreasing 
precedence (1 indicate the highest precedence level and 15 the lowest). 

ane 

if (x == 10+ 15 && y < 10) 
Tules say that the addition operator has a higher priority 
perator (&&) and the relational operator (== and <). Therefore, 
) 15 is performed first. This is equivalent to 


if (x= 


. =25 && y< 10) 
o be determined whether x is equal to 25 and y is less than 10 
tor < has a higher priority compared to = =, y < 10 is tested 

NX ==25 is tested, 
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Simple assignment 
Assign product 
Assign quotient 
Assign remainder 
(modulus) 

Assign sum 
Assign difference 


Assign bitwise AND 
Assign bitwise XOR 
Assign bitwise OR 
Assign left shift 
Assign right shift 
Evaluate 


iunug 


0.6. What are data and digital data ? 

Ans, A collection of raw facts, which is used for taking decisions, js 
referred to as data, The examples of data are book, letters, a bank ledger and 
a customer account passbook, etc. 

The procedures and methods used for creating and sharing data were 
restricted to fewer forms before the invention of computer. For example, 

and film, etc. Now-a-days, this can be converted into other forms like 
| anelectronic mail, a bitmapped image, and a digital movie. The digital data is 
created by a computer and is stored as binary 0s and 1s. The digital data can 
be accessed by the user only when it is processed by a computer. 


Q.7. Explain briefly information. 

% Information is the summarization of data. That is, the result of data 
1 or processing which can be used to help people in decisions 
fi can be defined as — 
n is the behaviour-initiating stimulus between a sender and a 
ion is the form of symbols arranged in an order and symbols 
esentation of data”. 

management covers the different uses, values, and distribution 
within an organization whether it is processed by the 
jon management evaluates the kinds of data/information 


between data and information. 
ation between data and information are as follows — 
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(ii) In data, there is no role of information whereas in j.),, 
processing data is the most important element, 

(ili) Por gathering information, collection of data is the , 
whereas information is the second step after manipulation collection 


data. 


(\) Data are organized ina form of spread sheet, text, pictures, 
and video, namely text, ete, Whereas information is organized as the sum 
and total of data, in the form in which datum are defined and stored. 


0.9. Define data structure. What are the various ways to classify data , 
Explain by giving proper examples. 
Ans. 


p mereepetinnny ——ineleongoleld that one Race 
operations are performed. — 


non-primitive data 
homogeneous or hetero 
category. 


(iv) Data are raw facts whereas information is the summar, th . 


for a giver sieation epee IY 00 Koo With Which specif, 
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0.10. Explain different non-primitive data structures and the operation 
associated with them. (R.GPV, Dec 
Ans, Non-primitive data structures can be broadly categorized 
g, namely, artays, lists and files. Lists can also be subdr 
Pe such as linear lists and non-linear lists. Stacks and queues ar amr 
of linear lists, whereas graphs and trees are the example of non-line 
pon-primitive data structures with their operations are explained as { 
(i) Array — An array is defined as a set of finite number 
mogeneous elements or data items. It means that array ean contain one 
of data only, either all integers, all floating-point numbers, or al! charac 
Some common Operations associated with arrays are 
(a) Creation of an array 


2013) 


(b) Traversing an array 
(c) Insertion of new elements (d) Deletion of new elements 


(e) Modification of an element (f) Merging of arrays. 


cond field of list must be pointer type. Each such node is known as a node, 
thus a list can be defined as collection of nodes. 


Some common operations associated with linear linked lists are - 


(a) Creation (b) Insertion 

(c) Deletion (d) Traversing 
e’ (e) Searching (f) Concatenation 
NEY (g) Display. 
Gi) Stack — A, 


(b) Pop 


—A queue is a non-primitive linear data structure. It is an 


hap ion of elements in which new elements are inserted at 


3 the rear end, and the existing elements are removed 
a d to as front end. It is logically a first-in first out (FIFO) 


n Operations associated with queues are — 
(a) Insertion of an element in a queue 
_ (b) Deletion of an element in a queue. 
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() Tree-Atrevisanon-linear data structure in which items ary. nae 
ina sorted sequence suse represent hierarchical relationship exis % Th, 
several data items, It isa finite set of one or more data items such that "hp, 0.13. What are the goals of data structure (RGPV, June 2014 
There are two goals of data structu 
fa) There is a special data item referred to as root of ins. 
. its remaining data items are partitioned into the (i) Identifyand develop useful mathematica 
Ou f “a And th © num ibe and 10 determine what classes of problems can be sc 
mutually exclusive subsets, each of which is itself'a tree. And they are Tefep, 0 wits and therttions 
Mey 


abstract 


a eae {ii) Determine representations for thos 
Some common operations associated with the binary tree are — jmplement the abstract operations on these concrete representat 
@) Tre 1) pene notes 0.14. How is data structure different from data types ? 
(R.GPV., June 2013 


(c) Deletionofnodes (d) Searching for the node 


(e) Copying the tree, Ans, A data type can be defined as a set and the elements of th 
as the values of the type. There are four fundamental data type 


(oi), Graph A graph G consists of a set V of vertices and a set j , 
edges. We write G =(V, E), Visa finite and non empty set of vertices, Ej it, of jetermined as int, float, char and double. Other data structures can be 
m one or more fundamental data structure. The simple data types form 


setof pars of vertices, their pairs are refered to as edges. fro! 
ssociated graph a ndamentals are arrays, strings, pointers and records with which \ n 
Some common op ‘ wi ‘ oY pillows . types called composite types such as queues, trees, stacks, etc. The compos 
{a) Searching onagraph — (b) Inserting in a graph data types can also be classified as linear and non-linear. Stacks, queues and link 
(c) Deleting from a graph (4) Traversing a graph. jists are come under the category of linear data structures, whereas, trees and 
(vii) Files-A fileisacollection of logically related records. A reco;y graphs are come under the category of non-linear data structures 


isa collection of logically elated fieldsof information about a particular entity 


Fie ol \BSTRAC! TYPES, IMPLEMENTATION ASPECTS — 
‘ona pa : EMOF "ATION, DATA STRUCTURES 
pap Beating © OPERATIONS AND ITS COST ESTIMATION 


O11. Hw othe reife fom other data structure ? 0.15. Describe about abstract data types. (R.GP.V., June 2012) 
Sax se ae ie June 2013) Ans. Abstract data type or ADT is the abstract collection of data elements 
Ans. Refer to Q.10, a) and their accessing functions, where we are not concerned about how the 
‘ 7 accessing function will be implemented. It is considered as a useful tool for 
in ako i oo ; linear so fen specifying the logical properties of a data type. 

Ans. Data Structure sete ai The term “abstract data type” means the basic mathematical concept that 
Difference — (i) Lim * : defines the data type. We are not concerned with space or time efficiency in 
data items Wi "defining an abstract data type as a mathematical concept. In fact, an ADT 
ae A , 1 ; definition is not concerned with implementation details at all. It may not even 
coe (iter " ; be possible to implement a particular ADT on a particular piece of hardware or 
} usinga particular software system. It is also a useful guideline to implementors 

anda useful tool to programmers who want to use the data type correctly. 


(ii 
Se: 2 “And IT has two parts —a value definition and an operator definition. The 
: ; definition is the collection of values for the ADT and has two parts, one 


Oe ie fi nitior clause and second one is condition clause. 


0.16, Desc the difference between an ebsrec data wpe spe; 
and implementat vn. 


Ans, The abstract specification i\lustrates the role of an ADT, "4 
logical definition of a new data type. 
An ADT consists of two parts ~ a valuedefinition and an operator «, 
‘The value definition defines the collection of values for the ADT ang 
of two parts ~a definition clause and a condition clause. Immediately {,)), 
the value definition comes the operator definition. Each operator is dey;, 
an abstract function with three parts ~ a header, the optional Preconiy;, 
and the pastoonditions, The header specifies an ADT operator definition +, 
preconditions specify any restrictions that must be satisfied before the operat; 
can be applied. The post condition specifies what the operation does, 
Implementing an ADT means providing one procedure or production fo; . 
The ADT instances are represented by some concrete Pe 
by those procedure, according to the ADT’s Specifcatg, 
(2.17.Am abstract date type fora 24-hour clock has operations to sex y,, 
time, read the time and advance the time by one second. Proyig, 
specification for the abstract data type. RGB, June 294 


Ans, The following is an initial specification of an abstract data type fo, , 
24-hour clock — 


valuedefnitiont/ = 7 

abstract typedef <integer, integer, integer> CLOCK; 
abstract CLOCK. 

int a,b, ¢; 


0.18. Explain abst 
Ans, Refer to Q.15 


power to itch dia nd 


(R.GRMK, June 2010, 2014, De Mean, 
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pointer, a bit string, representing a memory address which can be If stored in 


memory and manipulated by the program. Hence, the array and record data 
«tnuctures are depended on computing the addresses of data iterns with arithmetic 
operations, w hile the linked data structures are depended on storing 


of data items within the structure itself, Many data structures use both pri 
gometimes combined in non-trivial ways. The implementation ofa date 
needs Writing a set of methods which create and manipulate instance 
gteucture. The efficiency of a data structure cannot be analyzed separat 

those operations. This observation motivates the theoretical concept of an a 


data type, a data structure which is defined indirectly by the operations » 


may be performed on it, and the mathematical properties of those operation 


Implementation Aspects — The spatial localization for the intersection 
check and the front management, in terms of the edge selection and finding, 
are considered to be general bottlenecks of the advancing front method. Both 
aspects are addressed in the presented method. The spatial localization js 
implemented using the octree data structure. This shows the O(log N) 

computational complexity that becomes closely constant for a reasonable octree 
When searching for the most appropriate candidate in the neighbourhood, 
the local Delaunay property is used as a criterion. This decreases the probability 
of the consequent occurrence of an intersection. Hence gradual changes of 
the element size is ensured, no specific algorithm for the edge selection technique 
is needed. Hence, the simplest method has been select that always uses the 
first available edge in the front. This obviously leads to the constant 
computational complexity of the front management. A crucial aspect of the 
proposed mesh generation technique is belong to the point-to-surface projection. 
The easy and efficient algorithms available for projection to parametric surfaces 
cannot be adopted easily because of missing parameterization of the limit 
surface. Usually, the condition is further complicated by the fact, that the 
normal to the boundary surface can be calculate only at the nodes of the real 
or refined control grid. Hence in order to make the projection sufficiently 
right, it is require to subdivide the control gride up to a high level. This output 
in a large amount of data to be stored, that is not acceptable. 


0.20. Discuss common operations on data structures in brief, 
Or 


(R.GPRV., June 2015) 


Accessing each record exactly once so that certain 
may be processed. This accessing and processing is 


cc 
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alue, or finding locations of all records which satisfy one or more Condi, i 


(iii) " Algorithm (Inserting into a Linear Array) 
Inserting Adding a nev recon INSERT(LA, N, K, ITEM) 


(iv) Deleting = Removing a record from the structure. (i) [Initialize counter] set J: = N. 
Sometimes two or more of the operations may be Legend iN a Biven sit, (ii) Repeat steps (iii) and (iv) while J > K 
For example, we may want to delete the record with a given key, wh),), (iii) [Move Jth element downward] 
mean we first need to search for the location of the record. m 7 Set LA[J + 1] : = LA[J). 


ecial situations .. 


The following two operations, Which are used in s 


(iv) [Decrease counter] Set J: = J - |, 
[ End of Step (ii) loop.] 

(v) [Insert element] Set LA[K]: = ITEM. 

i % (vi) [Reset N] SetN:=N+1. 
Other useful operations are copying and concatenation. (vii) Exit, 
The following algorithm deletes the K" element from a linear array LA 
ES — es with N elements where K < N and assigns it to a variable ITEM. 
(ED Algorithm (Deleting from a Linear Array) 
DELETE(LA, N, K, ITEM) 
(i) Set ITEM: = LA{K]. 
(ii) Repeat for J = K to N-1: 

[Move J + Ist element upward] Set LA[J]: = LA[J + 1). 


[End of loop] 
(iii) [Reset the number N of elements in LA] Set N: = N - 1. 


operations which are normally performed on an, (iv) Exit. 
operation. (R.GP.V., Dec. 20 
4 Bs cans 14) 0.22. What is an array ? How it is represented in memory ? 
i elemen quence Ans, Arrays are the collection of a finite number of homogeneous data 


i.e.,a linear list. There are ing such linear structures elements (i.¢., data elements of the same type) such that the elements of the 
in memory. One way is to : between the elements are féfetenced respectively by an index set consisting of n consecutive 
represented by means of no ms, These linear structures jumbers and are stored respectively in successive memory locations. The 
are called arrays. The othe tl ar ‘relationship between the »umber n of elements is called the /ength or size of the array. The size or 
elements represented by s of po linear structures jength of an array can be obtained as follows — 
are called /inked lists. The opera ch ar a 0 y Length = UB=LB +1 
linear structure such as an arra re the following where, UB= Upper bound (largest index) and LB = Lower bound (smallest index) 
ach nt > The elements of an array A may be denoted by the subscript notation. 

PAE A, 0A, 
or the record Wi or by the parentheses such as 

oi A(n) 

or by the bracket notation such as 


; All), Al2], A[3}, ..-...... A[n] 
Re ation of Linear Arrays in Memory — The elements of an 
consecutive memory locations. Hence, the — does 
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Let, A be a linear array in the memory of computer, The addres, 
first element in A is denoted by _ 
Base(A) 
and called the base address of A. The computer calculates the addres. fy 
element of A by the following formula - 
LOC (A[K]) = Address of the element A[K] of the array 
= Base(A) + W(K — Lower bound) 
where w is the number of words per memory cell for the array A. 
The time to calculate LOC(A[K]) is essentially the same for any , lug 
K. Thus, given any subscript K, one can locate and access the content of Ark 
without scanning any other element of A. 
0.23. Explain various algorithm used in data structure. Also differey,,; tay 
single and multiple dimensional array with suitable example. 
(R.GPV., Dec. 2016, 
Ans, Various algorithm used in data structure are given below — 
Traversing ~ 
(i) Setk:=Lower Bound 
(ii) Repeat steps (iii) and (iv) while k <= Upper Bound 
(iii) Apply PROCESS to T[k] 
(iv) Setk:=k+1 
(v) Exit 
Insertion - 
(i) Start 
(ii) Setj=N 
(iii) Set N=N +1 
(iv) Repeat steps (v) and (vi) while j >= K 
(v) Set Tj +1] = Ti] 
(vi) Setj=j-1 


th 


(vii) Set T[K] = ITEM 
(vili)Stop 

Deletion - 
(i) Start 
(ii) Setj=K 
(ii) pert Mead 1 IF 
(iv) Set TH] = Thj + 1] 
(v) Setj=j+1 ay 
(vi) SetN=N-] XX , 
(vii) Stop 


two-dimensional arrays. 
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Search 
(i) Start 
(ii) Setj =0 
(iii) Repeat steps (iv) and (v) while j <N 
(iv) IF T[j] is equal ITEM THEN GO TO Step (vi) 
(v) Setjsj+1 
(vi) PRINT j, ITEM 
(vii) Stop 
Update — Algorithm is written for updating an element at the K" position 


of linear array. 


(i) Start 
(ii) Set T[k — 1] = ITEM 
(iii) Stop 
Here, T = Linear array 
k = Positive integer 
N = Number of elements. 


Difference — There are several differences between one dimensional array 


and multiple dimensional array — 


Multiple Dimensional Array 


One Dimensional Array 


It stores single list of elements of 


It stores list of lists. 


/* declaration in C++ 
type variable_name [size 1] [size2];*/ 
/* declaration in Java 

type variable_name=new int [size |] 
[size 2];*/ 

/* In java 

int [ ] [ ] a =new int [10] [20];*/ 
is a alternative declaration. 

Total Bytes = sizeof(datatype 
of array variable)* size of first 
index *size of second index. It is 
a total size of array in byte. 


type variable_name [size];*/ 

/* declaration in Java 

type variable_name []; variable_name 
= new type [size]; */ 

/*In Java 

int [ ] a = new int [10];*/ 


Total Bytes = sizeof (datatype 
of array variable)* size of array. 
It is a total size of array in byte. 


0.24. What is an array ? Differentiate between one-dimensional and 
(R.GB.V., June 2015) 


Ans, Refer to Q.22 and Q.23. 
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0.25. Explain the representation of one-dimensional and 4, Glaasitication of Dete Structure. 10 
saa Or ie The storage can be easily understood by arranging arr 
elow 
Explain memory addressing scheme(s) for two dimensional arr, ghown be 
Oe GRY, June %y Rig *Ma,] Row | 
suitable example. ( une 2, ty 
a 4p 4); | Row 2 


Ans, One-dimensional Array —A one-dimensional array can be PPMESen 
in the memory of computers easily. The C declaration 
int b[5] ; 1000 
reserves 5 successive memory locations, as ad in reea 


a . ‘ 1004 J int afr! j[r2); 
The address of a particular element in a one- TPs 
= where rl and r2 are the ranges of the first and second dimensions, respe 


fing 42, | Row 3 


Address of Elements in Row-major Implementation ~ Fo agra 


pase (a) is the address of the first element of the array. That is, ifa is declare 


imensi is git the relation * 1006 
arses 73, by aN® base (a) is the address of a[0][0]. To calculate the address of an arbitr 
Address of element. b[k] 1008 fit {i2), fi first compute the address of the first element of row i! a 


where B is the base address of the array, W is the size of 3 the quantity i2 * size, But to reach the first element of row il, that is th 
each element of the array, and k is the index of element. Fig. 1.3 afil [0], it is necessary to pass through i] complete rows, each of which c 


‘Two-dimensional Array — A two-dimensional array can be implemenje, 12 elements. So the address of the first element of row il 
ig at base (a) + il *r2 * size. Therefore, the address of a ” 


in two Ways ~ 
fi a . [il] [i2] is at . 
Row-majorimp base (a) + (il * r2 + i2) * size ao 
(i) Column-aajor implementation For example, array a stored as in fig. 1.5. The base 394 
205 


For calculating the amount of memory required to store two-dimension, address is 200. 
pret ere oot uses two bytes Here, rl = 2, 12 = 4 and size = 1, then the address of 206 
207 


of memory for each value. Similarly, if we use char and float type then they « [HIE is computed as 


value ively. 5 - 

— lO Mao 4s241=2 RIS 
 num[4][3]. In this, the a mbe rof Saaehis are (ii) Column-major Implementation — \n column-major implemen- 

int num(4)(3}. tation, the elements of an array are read from the keyboard columnwise. It 
4x3 means that the complete first column is stored and then complete second 

So, the memory is array is. column and so on. For example, an array a[3][2] is stored in the memory as 


memory used for int: number of elements shown in fig. 1.6. 
nyo P= T= | 
pA ee id pS | 


linearization technique in which elements of array are read from the keyboard } ——- aes l 


row-wise. It means that the complete first row is stored and then complet: oe ¥¢ 
ig. I. 


second row is ipl nas Doda Cg is stored in the 
memory as shown in fig: 14. “ ! MEN oe pes }. Address of Elements in Column-major Implementation — In column- 
pe major implementation address of an element is calculated by the relation — 


BEI eh Address of element afi][j] = B + W (m (j -L,) + (i-L,)) 
: St Fs 


where B is the base address of the array, W is size of each array, m is the 
number of rows (i.e., U, — L,), L; is the lower bound of row and L, is the 


mys): lower bound of column. 


Sci Ment aati teats Ml 


Forexample, an array af 20...20,10....35] requires one byte of .,, Vassification off 
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base address is 500. The address of element a[0][30] is calculated ay fol, 
= 500 + 1 [41 (30— 10) + (0- (= 20) My 


= 500 + [41 x 20 + 20] genoted by 


The clement of A with first subseript | ind second subscript £ 


= 500 + 840 = 1340 Ay, Or AUK] 
: . . i> Miitencs two-dimensional arrays are called matrices in mathematic d table 
0.26. How is physical memory > pa al hop wag mSton rrp, business applications, Hence, two-dimensional arrays are also called mati 
If each element of an array X (20) (90) requires Sytes Of Storay, Py per There is a standard way of ws 
address of DATA is 2000, determine the location of X [0] [10; When bs ‘awing a two-dimensional m * n array ' a 
array is stored as~ ‘h where the elements of A form a ae 
(i) RowMajor (ii) Column Major. a angular array with m rows and n T/ ASI, AlZLeagh 
(R.GPRK, June 5, columns and where the element A[J,K] ows 7] * 1! APA AB? 
. “014 ars in row J and column K. One such 3] A[3, 1] (3,2) A13,3]} 
Ans, Refer to Q.2S. type of two dimensional array with aL Ai OAL, al 
ne ype : AY 14.2) Aja, 3] 
Given, Base address = 2000 ‘mension 4 row and 3 column is shown 3 
‘ enced di fg 17 Fig. 1.7 Two-Dimensional 4*3 Array A 
a. % in Hg. "+" 
Upper bound for rows re ae ‘The length of any dimension in a multidimensional array can be calculated 
Upper bound for columns (U3) = as follows ~ 
Lower bound for rows (L,) = Length = Upper bound — Lower bound + | 
Lower bound serine (L)=0 For example, an array a[3][2] can be represented as follows — 
Numer of Rows (a) = a[0...2,0... 1] 
Number of columns (n) =50 This specifies that the array a has three rows (0, | and 2) and two columns 
(0 and 1). Thus, the length of row will be — 
(i) Row Major - The address of X[0] [10] Row = Upper bound — Lower bound + | 
=B+W(n(i-L,)+G-L) =2-0+1=3 
= 2000 + 4 [50 (0 - 0) + (10 — 0)] ‘And the length of column will be — 


Column = Upper bound — Lower bound + 1 = 1—0+1=2 


0.28. Discuss the representation of 3-dimensional array using sequential 


mapping. Derive an expression for addressing an arbitrary element. 
[R.GR.¥., June 2003 (IV-Sem), 2008 (IV-Sem)] 


3 (mG-L)+ (i -L,) Ans, An n-dimensional m, x m, * ..... x m, array A is a collection of m,, 
2000 + 4 (20 (10-0) + (0 - 0)) Mp, ws, M, data elements in which each element is specified by a list of 
) x 10+0) integers, such as K,, K,, ...... Ky, called subscripts, with the property that 


1<K, <m,,1<K,<™m).....,1<K,<m, 
The element of A with subscripts K,, K,, ..... K, will be denoted by 
AK) .Kp,.K, OF A[K}, Ky, ....5 Ky] 

The array will be stored in memory in a sequence of memory locations. It 
means that, the programming language will store the array A either in row- 
ayA isacollectio: major order or in column-major order. By row-major order, we mean that the 

pair of integen elements are listed so that the last subscript varies first, the next-to-last subscript 
varies second, and so on. By column-major order, we mean that the elements 
are listed so that the first subscript varies first (most rapidly), the second 


subscript second (less rapidly), and so on. 


ga | 


Aaa 


AIA AIAN Alaa 


A[23,3) — A[2,4,3) 


ALAN | ATLA) 


\A7 4 


ARAL A210) 


ATAM ATLA 


ABA ART 


Fig. 1.8 (Mae 
Suppose A is a three-dimensional 2 * 4 x 3 array. Then A has 2» Ay b= 24 
elements. These 24 elements of A are pictured as in fig. 1.8, i.e, they appear in 
three layers, called pages, where each page consists of the 2x 4 rectangula; 
array of elements with the same third subscript. Thus, the three subscripts 
clement in a three-dimensional array are called t 
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Then the address LOC(C(K,, K,, ..., Ky}) of an arbitrary element of C 
can be obtained from the formula 
Base(C) + WICC. (Eyly | + Ey Ly.) +... +E) L, +E) L, +E]... 
or from the formula 

Base(C) + WI(...(EjLy + Ep) Ly + By)Ly +... + Ey_)) Ly + Eq) ...ii) 
according to whether C is stored in column-major or row-major order. Here, 
Base(C) denotes the address of the first element of C, and w denotes the 
number of words per memory location. 

Suppose a three-dimensional array M is declared using 

M(2:8,—4:1,6: 10) 

Then the lengths of the three dimensions of M are L, = 8-2+1=7, 
L,=1-€4)+1=6,1,= 10-6+1=5 

Also suppose that M is stored in memory as row-major order, and Base 
(M) = 200 and there are w = 4 words per memory cell. The address of ar 
element of M for example, M[5, —1, 8] is obtained as follows — 


The effective indices of the subscripts are, 
E, =5-2=3, E)=-1-(-4)=3,E,=8-6=2 

Using equation (ii) for row-major order, we have 

ies BL Te 6 = 18 
B+ E)= 18 +3=21 
Eyl, + EL, = 21 « 5 = 105 
(E,L, + Ey)L; + E, = 105 +2 = 107 

Thus, 

LOC(M{5, —1, 8]) = 200 + 4 (107) = 200 + 428 = 628 

0.29. Discuss argy as parameters. 

Ans. Arrays like other simple variables can be passed to function. 
parameter of a C function must be declared within the function. Howeve 
range of a one-dimensional array parameter is only specified in the 
program. This is because in C new storge is not allocated for an array para 
Rather, the parameter refers to the original array that was allocated | 

g program. As an example, consider the following function to cc 
the average of the elements of an array ~ 

float avg(float af ], int size) /* no range is specified for the array 
es sum; 

* sum = 0; 
for (i= 0; i< size; i+ +) 


yee sum + = afi]; 
___ return(sum/size); 
SJ pa 


/} } 
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In the main program, we might have written 
# — defineARANGE 100 


angie, RANGE: 


It is noted that if the array range is needed in the function, it Must hy, 


passed separately, 1. 4% 

Since an aray variable in C is a pointer, aay parameters are passed, 
reference rather than by valve Iemeans that, unlike simple variables that are passe, 
by value, an array’s contents are not copied when it is passed as a parameter in ( 
Instead, the base address of the array is passed, Ifa calling function contains th, 
call fienct(a), where a is an array and the function fiunct has 
Void unctjnt bf }) ) 
the statement 
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0.31, Write a program which read two matrix and then print a matrix 
which is addition of these two matrix. 
Ans. #includesstdio.h 
#include<conio.h> 
void main( ) 


int a{2] [2], b(2] [2], r[2| [2], m, me 
clrser( ); 


printf("Enter element of first matrix:”), 


for (m= 0;m <= 1, mt+) 


{ 


for(n = 0; n <= 1; ntF) 


} 


scanf(“%d", & a[m] [n]); 


(R.GPV., June 2015) 


printf(“Enter element of second matrix:”); 
for(m = 0; m <= 1; m++) 


Gi 


for(n = 0; n <= 1; n++) 


{ 
scanf(“Yd”, & b[m] [n}); 


} 


for (m = 0; m< = 1; m++) 


Biss 


at 


_— for(n = 0;n <= 1; n++) 


= r{m][n] = afm [n] + bm] [n); 


- for(n = 0; n <= 1; n++) 
mprintii"%d", r{m] [n]); 


are t 
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0.32. Write a program in C to search and display the position of | 
element in one dimensional array. (R.GRK, Dec, 29; N 
Ans, #include<stdio.h> 
int main( ) 
{ 
int array[100], search, ¢, mj 4 
printf(“Enter the number of elements in array”); 
scanfi“%d" & n); 
printf(“Enter %d integers”, n); 
for(c = 0; ¢ < n; c++) 
scanf{“%d", & array[c}); 
printf{"Enter the element to search”); 
scanf{“%d", & search); 
for(c = 0; ¢ <n; c++) 
{ 


iflarray[c] = = search) 

{ 
printfi““%d is present at location %d”, search, c + 1); 
break; , 

} 


if (¢==n) 
printf(“%d is not present in array”, search); 
return 0; 

} 


0.33. What do you mean by list ? How it is organized ? 

Ans. The term list refers to a linear collection of data items. 

Data processing frequently involves storing and processing data organized 
into lists. One way to store such data is by means of arrays. But the arrays 
have disadvantages such as the size of the array cannot be increased when 
additional space is required. : 

Another way of storing a list in memory i 
contain a field, called a link or pointer, which 
element in the list. This makes easy to insert anc 


0.34, Write drawbacks of contiguous imy 


program | 


many number of nodes, 


, 
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0.35. What do you understand by singly linked list ? Explain. 
Or 
How do declare a structure of a linked list? (R.GPV., June 2015) 
Ans. A singly linked list is one in which all the nodes are linked together in 
come sequential manner. It is also called linear linked list 


Fach item or node in singly linked list must 


contain atleast two fields, an information field and 
Fig. 1.10 


next address field. A node of a linked list may be 
represented as shown in fig. 1.10. 
The entire linked list is accessed by an external pointer list, that points to 
the first node of the list and we can access the first node through external 
inter, second node through the next pointer of first node and so on. The 
next address field of the last node contains null value. 
Fig. 1.11 shows the linked list as follows — 


esr [into T P~List | =P-L ine | Lm |] 
Fig. 1.11 aie 
Advantages — 


(i) Linked Lists are Dynamic Data Structure —\t means that they 
can grow or shrink during the execution of a program. 
(ii) Efficient Memory Utilization — Memory is allocated whenever 
it is required and is deallocated when it is no longer needed. 
(iii) Insertion and deletion operations are easier and efficient. 
(iv) Many complex applications can be easily carried out with linked lists. 
Disadvantages — 
(i) Ifthe number of fields are more, then more memory space is needed. 
(ii) Access to an arbitrary data item is little bit cumbersome and 
time consuming. 
0.36. Enlist and describe various operations performed on linked list. 
Ans. The basic operations to be performed on the linked list are as follows — 
(i) Creation — This operation is used to create a linked list. The 
new node is created as and when it is required and linked to the list to preserve 
the integrity of the list. 
(ii) Insertion — This operation is used to insert a new node in the 
linked list at the specified position. 
_ (iii) Deletion — This operation is used to delete a node from the 
position in the linked list. 
Traversing — It is a process of going through all the nodes of a 
one end to the other end. 


~*~ 
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(v) Concatenation — 11 is a process of joining two linked lists 
(vi) Display — This operation is used to print each and every nog, 
information. = * \ 
0.37. How can a linked list be implemented using arrays ? 
‘~* (RGR, June 201; 
Ans. Linked list may be implemented even without using pointe), 
Considering the ordered list of integers, as follows — 
L=(15, 20, 5, 3,7) 
This list can be easily stored in an array, ‘Info’. The concept of ‘link’e;, 
be implemented by using another array, ‘Next’. Thus, i** element of the list ; 
is stored in the i index of array ‘Info’. ma ty 


We have already observed that every node in a linked 
lists consist of two parts — Seal 
(i) Information field > 


(ii) Address field. 

These two parts of a node are 
‘Info’ and ‘Next’, ‘ 
If Infofi] resembles data part of 
part of that node. 
Next{i] does not resembles the p 
if Next{i] in j then the node next to the n 
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Here, the array index represents a pointer to a node from range 0 to 


MAX-1L. The field of the node can be accessed as 


NODE{i). info 
and NODE[i]. next 
Null is represented by —1. We can initialize the list as 


initialize ) 


int i, avail = 0; 

for (i = 0; i < MAX =I; i++) 
NODE{i).next =i + 1; 

NODE[MAX ~ 1].next = ~1; 


} Se. 
Here, 100 nodes are in avail list. We consider avail as global variable. 


When another list requires any node, that can use getnode function which is 
as follows ~ 


pana 
avail = NODE[avail].next ; 
_ return(p) ; 

4 
node is removed from available list and a pointer is returned. 
ye nodes are there, then error message is given. Here avail has 


write freenode function, which takes a pointer to a node and 
the front of avail list. 
p) 


other lists, then we can create using avail list. Here, 
ion that takes address p of a node and an item x to be 
address of the list, in which to insert the item. 
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ins_item(p, x) 
int p, X: 


{ 


int t, q; 
q = getnode( ); 
NODE{q].info = x: 
NODE{q].next = =I; 
* insert new node into the list */ 
ifip = =—l) 
{ 
pP=q 
retumn ; 
} /* insert into empty list */ 
if{x < NODE[p].info) 
{ 
NODE{q].next = p; 
pP=q 
retum; 
} /* insert before first node */ 
t=p; 


while (NODE[t].next < > -1) && (x > NODE[t].info) 


{ 
t = NODE[t]}.next; 

} /* finding place of insertion */ 
NODE[q].next = NODE[t].next; 


NODE[t].next = q; 
return; /* connect to pointers */ 
} 
We can write delete function as follows — 
delete(p, x) 
int p, x; 
{ 
int q, trail, curr; 
curr = p; _ 
trail =-1; 


while ((curr != -1) && (NODEcur] info 


Naas 
» 
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printf(“Deletion is void”); 
return; 

} /* node is not present for x */ 

if(trail = = -1) 

{ 
q=P; 
p = NODE[p].next; 
freenode(q); 
return; 

}  /* delete the first node */ 
q = curr; 
NODE[trail].next = NODE{curr].next; 
freenode(q); 

; return; 

} 

In this linked list implementation using array, the disadvantage is that we 
have to predict number of nodes when program is written, that is number of 
nodes represented by the array is established at the start of the execution. 
Another disadvantage is, we have to allocate the declared number of nodes 
throughout the program execution, whereas program may not be actually 
using those many number of nodes. 


0.38. Explain the method of implementing link list using dynamic 
allocation. 
Or 
Discuss the dynamic representation of linked list. (R.GP.V., Dec. 2015) 


Ans, We can implement a link list using the concept of pointers in C. A 
node of a link list can be defined as follows — 


struct node 
{ 
int info; 
struct node *next; 
h 
typedef struct node *nodeptr; 
Here, a node consists of an information field and a pointer to the next node in 
the list rather than an integer as in the case of array implementation. Since, C has 


the capability of dynamically allocating and freeing a variable. Therefore, there is 
no need to check for overflow as it will be detected by the malloc function. 
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We can therefore, write the function getnode - 
rei getnode( ) 
nodeptr p; 
P= ( nodeptr ) malloc(sizeof struct a 
retum(p); 

} 

If we call this function as 


p= getnde 3 
it should be placed the address of an available node into p. Similarly, we ¢,, 


write the freenode function as * dar wah 
freenode(p) 
nodeptr p: ne © wet (ihe 


{ > ape 
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/ * Find the insertion place * / 
while (( r -» next ! = null) & & ( x >> r — info)) 


r=r— next; 
r—> next = q; 
return; 


/* connect the pointer * / 

} 

Similarly we can write the delete routine using dynamic implementation 
ofa linked list. 

Advantages — (i) The major advantage of dynamic implementation is 
that a set of nodes is not required to be reserved in advance. Even if a program 
uses different types of lists ( say, one list of integers and one list of characters), 
no storage is allocated for variable until needed. Any storage not used for one 
type of node may be used for another. No overflow occurs as long as sufficient 
storage is available unlike the array implementation where two arrays of fixed 
size would be allocated immediately and if one group of lists overflow its 
array, the program cannot continue. 

(ii) No address calculations required to reference *p as it is given 
directly by the contents of p unlike reference node[p] whose address must be 
computed by adding the contents of p to the base address of array. 

(iii) The only advantage of array implementation is that it may be 
less time consuming to manipulate a programmer-managed available list than 
to call upon the system to allocate and free storage as and when required as in 
dynamic implementation. 

_(iv) It is advantageous to keep an extra node at the front of the list. 
This node does not represent an item in the list but may contain some global 


information about an entire list. 
Lat Number of nodes in the list such a node is called a header 


0.39. Discuss the insertion operation of the singly linked list, 
* To insert a new node, there will be three situations ~ 


on at the Beginning — An algorithm for inserting a new 
g is as follows — 

Allocate memory for new node. 

Assign the value to the data field of the new node. 
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We can write C code for this as follows 
void insertatend(int x) 
NODE *ptr, *loc; 

pir = (NODE*) malloc(sizeof(NODE)) 

pir > info = x; 

ptr > next = NULL; 

if (start = = NULL) 

start = ptr; - 
else 


loc = start; 

while (loc > next ! = NULL) 

loc = loc > next; /* end of while */ 
loc > next = ptr; 

} 

} 

(iii) Insertion at the Specified Position — An algorithm for inserting 
anew node at the specified position in the linked list is as follows (where new 
node is inserted between Node | and Node 2) — 

? (a) Allocate memory for the new node. 
-__(b)_ Assign value to the data field of the new node. 
. (c) Make the link field of the new node to point to Node 2. 
sl (d) Make the link field of Node | to point to new node. 


g 1.15 Inserting New Node at the Specified Position 
code for this algorithm as follows — 


“ ¢ 
Ans, OG 
(4. Discus the dln procs of he linked is 


rte fr heron ot «stn Dec. 201% 
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We can show this process by following figure 


Fig. 1.16 Deleting the First Node 


(ii) Deleting the Last Node — An algorithm for deleting the last 
node from the linked list is as follows — 
(a) If the list is not empty, go on traversing the list till the last node. 
(b) Set link field of the last but one node to NULL. 
(c) Free the last node. 
can write the C code for the above algorithm as — 
void delete_last( ) 


; NODE * ptr, “loc; 
if{start = = NULL) 


return; 
else iff(start) > next = = NULL)) 
{ 


Start; 
start = NULL; 
 free(ptr); 


is: loc = start; 
= (start) > next; 
= we —> next ! = NULL) 


Sa NULL; 
a est = NULL; 
___ free(ptr); 


“ ae 
R - 


See the fig, 1.17 for deletion of last node. 
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(iii) Deleting the Specified Node — An algorithm for deletin, th 
node between Node | and Node 2 is as follows 
(a) If the linked list is not empty, then make the Tink fieig , 
Node | to point to Node 2 
(b) Free the node between Node 1_and Node 2. 
We can write to C code for this algorithm ~ 
delete_spec| ) 
{ 
NODE ‘ptr, *loc; 
int temp; 
printi(“Enter which element do you want to delete \n”); 
scanf{“%ed", &temp); 


} 
} 
To understand the above process, see fig. 1.18, 4 > 
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0.42. Write algorithm to perform the following ~ 
(i) Invert a linked list pointed at by X 
(ii) Concatenate two linked lists producing a third one. 

Ans. (i) Invert a Linked List Pointed at by X — We can break down this 
problem in two steps. First of all we print out the second through last clement 
in the list, in reverse order. Then we print the first element in the list as shown 
in fig. 1.19 - 


Then Print the Element 
Fig. 1.19 
To do the first part, we have to repeat the algorithm for third element 
through last element and write the second element in the list i.e., we have to 
call REVPRINT (P — next). To do the second part, we simply write (P 
into). To stop this recursive calls, we must have a base case. We can stop 
calling the REVPRINT where there is only one element in the list, then the 
value of P > next will be null. We can convert this into C routine, 
revprint(P) 
NODEPTR P; 


{ 
if (P! = null) 
{ 
revprint(P — next); 
printf(P > info); 
} 
} 
(ii) Concatenate Two Linked Lists Producing a Third One — Let 
LISTI and LIST2 be two singly linked lists. The variables PTR1 points to the 
node currently being processed in LIST] and PTR2 points to the node in 
LIST2. 
(i) Set PTR1 := START. [Initializes pointer PTR1] 
(ii) Set PTR2 := START2. [Initializes pointer PTR2) 
(iii) Repeat step (iv) while PTRI # NULL 
(iv) Set PTRI := LINK [PTR1].[PTRI, now points to next node] 


[End of step 3 loop] 
(v) Set PTRI := PTR2 
(vi) Exit. 


0.43. Write an algorithm to create a copy of the given list. 


Ans, Suppose LIST1 is a given list in memory and we have to copy it in 
LIST2. First set LIST2 : = NULL to form an empty list. Then traverse LIST 


“ 
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using a pointer variable PTR, and while visiting each node of LIST!, 0p) 
contents INFO[PTR] into a new node, which is then inserted at the end 
LIST2. Use LOC to keep track of the last node of LIST2 during the tray,‘ 
Fig. 1.20. shows PTR and LOC before the fourth node is added to ne 
Inserting the first node into LIST2 must be treated separately, since Loc; 
not defined until LIST2 has at least one node, 
Algorithm - COPY(INFO, LINK, LISTI, LIST2, AVAIL) 
This algorithm makes a copy of a list LISTI using LIST2 as the ly 
pointer variable of the new list. 
(i) Set LIST2:=NULL [Forms empty list]. 
(ii) [LISTI empty?] If LISTI=NULL, then : Exit. 
(iii) [Insert first node of LISTI into LIST2] 
Call INSLOC(INFO, LINK, LIST2, AVAIL, NULL, INFO[LIST1)) o. 
(a) IfAVAIL-NULL, then : Write: OVERFLOW, and Exit, 
(b) Set NEW:=AVAILand AVAIL: SYA) (Remove, 
first node from AVAIL list). 
(c) Su FopeW ST Gf Node} 
(d) [Insert new node as first.node in 
Set LINK[NEW]:=LIST2 and 


(iv) (ations Pe 
PTR:=LINK[LIST1] and 
{v) Re sn (a we PR NUL 
Call INSLOC(INFO, LINKLIST2, AVAIL, IFO 
(a) IfAVAIL=NULL, then: i Ww, 


Ny 
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0.4. Write an algorithm to check whether the given element is present 
in the list or not. 

Ans. Algorithm —- SEARCH (INFO, LINK, START, ITEM, LOC) 

LIST is a linked list in memory. This algorithm finds the location LOC of 
the node where ITEM is present in LIST, or sets LOC=NULL. 

Set PTR : = START 
2 Repeat step 3 while PTR # NULL , 
3 If ITEM = INFO[PTR], then ¢ 

i set LOC : = PTR, and exit 
else 


set PTR : = LINK [PTR] 
4, Set LOC : = NULL [search is unsuccessful] 
5, Exit 
0.45. Write a program in C/C++ to create a linked list of ten elements 
and to traverse the list. (R.GP.V., Dec. 2014) | 


EAR Be 


Ans. 

#include <stdio.h> 
#include <conio.h> 
#include <malloc.h> 
void main( ) 


for (i= 0; i< 10; i +4) 


head = (NODE*) malloc(sizeof{NODE)); 


_ printf(“\n Enter the data item”); 
~ scantt“%d”, &head->num); 
if{first! = NULL) 
Sept ws 


temp> ptr = head; 
‘head; 
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{ 


} 

filush(stdin); 

} 

temp > ptr = NULL; 

temp = first; 

printf(‘“\n_ status of the linked list is\n"). 
while (temp ! = NULL) 

{ 


printf(“®ed\n”, temp-> num); 
count +4; 
temp = temp > ptr; 


printft““Number of nodes in the list = %d\n”, count); 
getch( ); 


first = temp = head; 


} 


0.46. Write short note on circular linked list. 
[R.GBV., June 2004( V-Sem) 
Ans. In singly linked list, the last node of such lists contains the nu 
pointer. We can improve this by replacing the null pointer in the last node of‘; 
list with the address of its first node. Such a list is called a circularly linkeg 
list or a circular list. Now starting from any given node, we can traverse lj 


nodes merely by chaining First 
through the list. Fig. 1.21 coe eto 
shows a circular list. i Fig. 1.21 

When we are traversing a circular list, we must be careful as there is a 
possibility to get into an infinite loop, if we are not able to detect the end of the 
list. To do that we must look for the starting node, we can keep an external 
pointer at the starting node and look for this external pointer as a stop sign. As 
alternative method is to place the header node as the first node of a circular 
list. This header node may contain a special value in its info field that cannot 
be the valid contents of a list in the context of the problem. We can halt the 
traversal ‘when the beadergede i spateenaisSaiisaer eM epty then the 
external pointer will point to null. Pose 


0.47. Differentiate betwen Unted lend creat Inked lst. 
— (R.GRV, June 2012) 


Ans. A singly or liner lnklisti | ela 
in some sequential manner. Hence, it ing and the end, On the other 
hand, a circular linked list is one which ing and no end. A singly list 


ae 
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can be made a circular linked list by just storing | 
node in the link field of the last node. A circular list does not | 
or last node. Therefore, we must establish a first and last node b 


the very fir 
natural firs 
convention 


0.48. Give the implementation of circular linked list. Also give its 
application. (R.GPV., Nov. 2018 

Ans. To implement a circular singly linked list, we tak emal pointer 
that points to the last node of the list. When we have a point 
the last node, then last > next will point to the first node. 


Fig. 1.22 

The pointer last points to node Z and last —> next points to node P. 

Why have we taken a pointer which points to the last node in place of first 
node, because for insertion of node in the beginning we need traverse the whole 
list. Also, for insertion and the end, the whole list has to be traversed. When in 
place of start pointer we take a pointer to the last node then in both the cases 
there would not be any need to traverse the whole list. So insertion in the starting 
or at the end takes constant time irrespective of the length of the list. 

Applications of Circular Linked List — 

(i) Circular lists are employed in applications where the whole list is 
accessed one-by-one in a loop. 

Example — Operating systems can use it to switch between various running 
applications in a circular loop. 

(ii) It is also employed by operating system to share time for different 
users, generally uses Round-Robin time sharing mechanism. 

(iii) Multiplayer games uses circular list to swap between players in 
a loop. 

(iv) Implementation of advanced data-structures like Fibonacci Heap. 


0.49. Write short note on doubly circular linked list. 

(R.GRYV., Dec. 2014) 
Or 

Explain doubly linked list with example. (R.GPRV, Dec. 2016) 
Ans, Although, a circular linked list has advantages over a linear list, it still 
has several drawbacks. One cannot traverse such a list backward, nor can a 
node be deleted from a circular linked list, given only a pointer to that node. 
The most appropriate data structure for such facilities is a doubly linked list. A 
doubly linked list is one in which nodes are linked together by multiple number 
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of links, Each node in a doubly linked list contains two pointers, one ;, if 
ee and av other to its successor, Thus, each node in a doubly linke, 
listcontains three fields — an info field that contains Fire | tnt | 
the information stored in the node, and prev and Lar] 
next fields that contain pointers to the previous Fig. 1.23 
and next node, respectively 

Doubly linked list provides bi-directional traversing. It may be cither line, 
or circular and may or may not contain a header node as shown in fig. |. 24 


[0 


(a) A Linear Doubly Linked List 


(6) A Circular Doubly Linked List without a Header 
Hed e¢« — $$ ___ __— 
Node 


(c) A Circular Doubly Linked List with a Header 
Fig. 1.24 Doubly Linked Lists 
We may declare a set of such nodes using either the array or dynamic 
implementation, by 


struct node 
{ 
int info; 
struct node * prev, * next; 
: ; 
struct nodetype node{numnodes] | typedef struct node * nodeptr; 


Q.50. Discuss the advantages and disadvantages of doubly linked list. 
Give an example to demonstrate insertion and deletion operations in DLL 
stored in array form. (R.GRV,, Feb, 2010) 

Ans. Advantages—The advantages of the doubly linked list are as follows- 

(i) Insertions and deletions ae simple.as compared to other linked list. 

(ii) Efficient utilization ofmemory, 

(iii) Bi-rectional (both rar and backward) traversing helps in 
efficient and easy accessibility of nodes. hd 
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Disadvantages — The disadvantage of DLL is that it use: 
which results in more memory space requirement 


5 two pointers, 


Insertion Operation in DLL — Suppose we are given the locations LOCA 
and LOCB of adjacent nodes A and B in LIST, and suppose we want to insert 
a given ITEM of information between nodes A and B. As with a one-way list, 
first we remove the first node N from the AVAIL list, using the variable N 
to keep track of its location, and then we copy the data ITEM into the node N: 
that is, we set — 

NEW := AVAIL, AVAIL := FORW[AVAIL 


LOCB 


J, INFO[NEW] := ITE 


LOCA 


Fig. 1.25 Inserting Node N 


Now, as shown in fig. 1.25, the node N with contents ITEM is inserted 
into the list by changing the following four pointers — 


FORW[LOCA] := NEW; FORW[NEW] := LOCB 
BACK[LOCB] := NEW, BACK[NEW] := LOCA 
Deletion Operation in DLL — Suppose we are given the location LOC of 
anode N in LIST, and suppose we want to delete N from the list. We assume 
that LIST is a two-way circular header list. Note that BACK[LOC] and 
FORW{LOC] are the locations, respectively, of the nodes which precede and 
follows node N. Accordingly, as shown in fig. 1.26, N is deleted from the list 
by changing the following pair of pointers — 
FORW[BACK{LOC]] := FORW[LOC] 
and BACK{FORW[{LOC]] := BACK[LOC] 
The deleted node N is then returned to the AVAIL list by the assignments — 
FORW[LOC] := AVAIL and AVAIL := LOC 


46. Data Structures (CS) 
Q2.51. Write an algorithm to insert a node in a doubly linked Iis 


IR.GRV., June 2003(V-Sem), 2006(V-Sem), 2008/1 Sem 


Ans. An algorithm that inserts node into the doubly linked list come, ,, 
various situations, We will discuss some of them= 


(i) Algorithm for inserting a Node in the Empty List - 
(a) Given the empty list. 
(b) Gets a new node from the available list. 
(c) Set its fields. 


(@) Insert the node in thelist update eft and right pointers and ry, 
(ec) Exit 

(i) Farmer Ned te Lf Mest of aver Node (Fron Eng). 
(a) aia 


ror 
ert the node to the left Of the 
ly and return. 
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‘A function to insert a node with info js after the node p in a doubly linked 
is. as follows ~ 
be insta 
eg Ms 
{ nodeptr r; 
if (p = = null) 
printf("\n void insertion"); 
return; 


} 
0.54. Write an algorithm to delete a node from a doubly linked list. 


Ans. The deletion operation can be classified into three categories — 
(i) Delete the Left Most Node — 
Step (a) — [Initialization] 
Node = Start [points to the first node in the list} 
Step (b) —[If the list is empty then display the message “ underflow” 
___ If Node = NULL 
Output “Underflow” and exit. 
p (c) — [Otherwise, perform deletion by making the start pointer 
to point to the second node and if the second node is not 
~ ___ null then make its left link to point to NULL and free the 
first node] 
____ Next[Previous[Node]] = Next[Node] 
/ Previous[Next[Node]] = Previous[Node] 


se en: Sse eod 


a the Right Most Node - 
(a) eee 


 S-t he! its oe then display the message “Underflow” 


uit ame 
: ; : inderflow” and Exit 
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Step (c) - [Otherwise, traverse the list till the last but one node ang 
make the RIGHT link of the last but one node to point ty 
NULL] 
(1) Next{Previous[Node]] = Next[Node] 
(2) Previous{Next{Node]] = Previous[Node] 
(3) Delete(Node) 
Step (d) - Exit 
(iii) Deletion of a Desired Node - 
Step (a) — [Initialization] 
Node = Start 
Step (b) — (Check the list] 
If Node = NULL 
Output “Underflow” and Exit 
Step (c) — [Set the counter] 
search = 0 
Step (d) — [Input the node number to which you want to delete] 
Node_delete = value 
Step (ce) — [Perform deletion] 
Repeat while Node # NULL 
If search = Node_delete 
Next[Previous[Node]] = Next[Node] 
Previous{Next[Node]] = Previous[Node] 
Delete(Node) 


Else 
" Node = Next[Node] 
Search = Search + 1 
Step (f) — Exit 
0.55. Write the algorithms for the following operations which are 
performed as doubly linked list - 
(i) Creation (i) Traversing (i) Insertion 
(R.GRV, June 2009) 


(iv) Deletion (v) Concatenation. 
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()) Creation — The algotithm for creating a doubly linked list is as follows - 
Step (a) ~ [Initialization] 
(1) Start.Next = NULL 
(2) Previous.Next = NULL 
Step (b) — [Assign address of Start variable to Node] 
Node = Address of Start 
Step (c) — [Make left and right links of a Node] 
(1) Next[Node] = Node [Make link to Node] 
(2) Previous[Node] = Node [Make link to Node} 
(3) Node = Next[Node] [Move pointer to Next Node] 
(4) Info[Node] = value [Information value of a Node] 
(5) Next[Node] = NULL [Assign NULL to the address field] 
Step (d) — Repeat step (c) for n number of nodes 
Step (e) — Exit 
(ii) Traversing — Traversing a doubly linked list means scanning 
(processing) each and every node exactly once either in forward or backward 
direction or in both the directions. The algorithm is as follows — 
Step (a) — [Initialization] 
Node = Start.Next [points to the first Node in the list] 
Step (b) — [Traverse the list in forward direction] 
Repeat while Next[Node] # NULL 
Process Info[Node] 
Step (c) — [Traverse the list in backward direction] 
Repeat while Previous[Node] # NULL 
Process Info[Node] 
Step (d) — Exit 
(iii) Insertion — Refer to Q.51. 
(iv) Deletion — Refer to Q.54. 


(v) Concatenation—The algorithm to concatenate two doubly linked 
list is as follows — 
Step (a) — [Initialization] 
New] = Start 
Step (b) — [Perform insertion] 
Repeat while New! + NULL 
(1) Temp = New! 
(2) Newl = Next[New1] 
(3) Found =0 
(4) Node = Start 


Repeat through while Node NULL and Found + 0 
(5) If Info[Node] = Info[New!] 
(A) Next[Temp] = Node 
(B) Previous[Temp] = Previous[Node} 
(©) Next[Previous[Node]] = Temp 
(D) Previous[Node] = Temp 
(E) Found = 1 
Else 
Node = Next[Node] 
If Found # 0 and if Info[Node] > Info[Temp] 
(A) Next[Temp] = Node 
(B)_Previous[Temp] = Previous[Node] 
(C)_Next{Previous[Node]] = Temp 
Else 
(A) Next{Temp] = NULL 
(B) Previous{Temp] = Node. 
(C)_ Next{Node] = Temp, 
Step (c) — Exit = oD 
0.56. Swap two adjacent elements of a doubly linked list by adjustiy, 
the pointers, [R.GRY., Dec. 2007(1V-Sem,, 
Ans, Suppose we are given the locations LOCA and LOCB of adjace;, 
nodes A and B in list, and we want to swap these two elements by adjustin, 
the pointers. This can be done as follows — 
BACK{[LOCA]=LOCB 
BACK[LOCB]=BACK[LOCA] 
FORW{BACK{LOCA]]=LOCB 


(6 


= 


FORW{LOCB}=LOCA , 
0.57. What is header linked list ? [RGBY, Jae 208 Sem 
Ans. A header \inked list is a linked list which a special 
node, called he boat aa > following are 
two kinds of header lists - ; : 
(i) A sonia eee he: the last node 
contains the null pointer, “ 
(ii) A circular heade last node points 
back to the header node, 
Fig. 1.27 shows diagram of A . 
Observe that the list poi the header node 
Accordingly ed header list i 
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empty, and LINK[START] = START indicates that a circular header list is 
emply: 


START 


Header 
Node 


(a) Grounded Header List 


START 
Header 
Node 


(6) Circular Header List 
Fig. 1.27 


0.58. Write the advantages and disadvantages of array and linked list 
data-structures. (R.GPM, Dec, 2013) 
Ans. Advantages of Array — 

(i) Since array can be indexed, that is A[X], we can access any 
element of an array in a time that is independent of X. 

(ii) Arrays are easy to traverse, search, sort and merge. 

(iii) Arrays are very useful to store relatively permanent collections 
of data. 

(iv) The linear relationship between the array elements is maintained 
by the physical relationship of the elements stored in the memory, not by the 
data stored in the array elements. This makes it easy to calculate the address 
of any element in the array. 

(y) With a sorted array of N elements we can apply binary search 
algorithm whose running time is proportional to log N. 

Disadvantages of Array — 

(i) Itisrelatively expensive to insert and delete elements frequently 
in arrays. 

(ii) Since an array generally occupies a block of memory space, we 
cannot inerease the size of the array whenever additional space is required 
For this reason, arrays are called dense lists as well as static data structures. 

Advantages — (i) Linked Lists are Dynamic Data Structure ~ \t means 
that they can grow or shrink during the execution of a program. 
- (ii) Efficient Memory Utilization - Memory is allocated whenever 
ad is deallocated when it is no longer needed. 
Insertion and deletion operations are easier and efficien 


Many complex applications can be easily carned out with linked 
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Disadvantages — (i) If the number of fields are more, then more nye. 
space is needed. 
(ii) Access to an arbitrary data item 1s little bit cumbersom, 
also time consuming 


0.59. What are the limitations of array data structures ? How can ; 
avoided using linked lists ? (R.GRK, 


Ans. Refer to Q.58, 


0.60. Explain the memory representation of a doubly linked list, 

Ans, Doubly linked lists may be maintained in memory by means of linea, 
arrays in the same way as one-way lists except that now we require tw 
pointer arrays, PREV and NEXT, instead of one pointer array NEXT, ang Me 
require two list pointer variables, FIRST and LAST, instead of one list Poin 
variable START. On the other hand, the list AVAIL of available space in the 
arrays Will still be maintained as a one-way list — using NEXT as the poin,,, 
field - since we delete and insert nodes only/at the beginning ofthe AVAIL, 

Fig. 1.28 shows how the alphabetical listing of the patients can be organi. 
into a two-way list. Observe that the values of FIRST andthe pointer fielg 
NEXT are the same, respectively, as the values of START and the array LIN. 
hence the list can be traversed alphabetically as before. On the other hanj 
using LAST and the pointer array PREY, the list can also be traversed , 
reverse alphabetical order. That is LAST points to samuels, the pointer fie); 
PREV of samuels points to Nelson, the pointer field PREV of Nelson points \, 
Maxwell, and so on. - 


June 20; b. 
6 
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Q.61. Differentiate between linked list and doubly linked list 


Or 
Compare singly linked list and two-way header list 
(R.GRPV., Dec. 2016) 
dns. The differences between the linked list and doub k t 
follows 
Linked List Doubly Linked List 

In linked list, each node has In doubly linked list, eac 

one link field, has two link fields. 

Accessibility of nodes in the Accessibility of nodes can be bi- 

forward direction. directional, i.e., forward and 


backward. 
Insertion and deletion are less | 
simple as compared to linked list. | 


Insertion and deletions are 
simple compared to doubly 
linked list. 

One pointer is used, so less 
memory is required. 


Two pointers are used, so more 
memory is required. 


0.62. What is a doubly linked list ? How is it different from the singly 
linked list ? (R.GRV., June 2013) 
Ans. Refer to 49 and Q.61. 


0.63. How a polynomial can be represented as linked list ? Explain 
with an example polynomial 3x° — 2x3 + x? + 4. 
[R.GP.V., June 2005(V-Sem)] 
Ans, Linked lists are used to represent and manipulate polynomials. In the 
linked representation of polynomials, each term is represented as a node. Each 
node contains three fields, one representing the coefficient, second representing 
the exponent and the third is a pointer to the next term. The polynomial node 
structure is shown in fig. 1.29. 


Fig. 1.29 Structure of a Polynomial Node 


The important information about a polynomial is contained in the 
Coefficients and exponents of x. The variable x itself is just a place holder (a 
dummy) variable. Hence, the variable x is dropped. Thus, each node will be a 
structure containing a nonzero coefficient, an exponent, and a pointer to the 
next term of the polynomial. So the polynomial 


“aS o 3x5 — 2x3 + x2 + 4 


Coeff 
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is represented as a list of structures as shown in fi ; 
header variable should always be used for the lists, The terms of , 


ig. 1.30, For polynon, Classification of Data Structure 55 


polynomial are stored in the order of decreasing exponent w ithin the lin Ans. The linked list representation for the given polynomial is as follows - 
sai dno term has » 
list, and no two tetms have the same exponent anc , 
mene mp pb let+-EEEP+-CLETT4+-LoTTy 
4 Fig. 1.32 
0.66. Show how the following polynomial can be represented using 
linked list 
Ix2y — dx2y + Sxy? - 2 (R.GPV., Dec. 2014) 
Fig. 1.30 Ans. The linked list representation for the given polynomial is as follows — 
ot ee ee can be represented Using fi [7te Boo, uaeac, 008% 
Tey -4lp+Sy?-2 — (RGRK, Dec. 2005(V-Sem), 201) Fig. 1.33 
iad a term of a polynomial in the variables x and y, ag? 0.67. Write an algorithm to add two ars =e eee 
node consists of four sequentially allocated fields that can be referred 1, list ee ue 
4 


term. The first two fields represent the power of the variables x anq : Ans. Given two polynomials whose first terms are referenced by pointer 
ively. The third and fourth fields nt the coefficient of the fea variables Pand Q respectively, an insertion function POLYLAST, and a copying 

in the polynomial and the address ofthe next term in the polynomial, respectiy ‘function COPY, it is required to add these polynomials and store their sum in 
For example, the term 3xy will be represented as in fig. 1.31 (b). The polyn i a third polynomial which is referenced by the pointer variable R. The original 
ax © a dry? Sy?-2 is pes list by fig. 1.31 (c), lal polynomials are to remain unchanged. PSAVE and QSAVE are pointer variables 
pt ele nama on eerie term ie : Al, A2, BI, B2, Cl, C2, D1, and D2 are temporary variables. LAST is assumed 


i adi . ‘ to be a global variable. 
by pointer P precedes another term indicated by pointer Q if power_x (P) (i) [Initialize) 
greater than power_x (Q). If the powers of x are equal then power_y (p, cctv: 
must be than y 
= mey _ PSAVE < P 
Ppefeete} CEP T4- Bee 
« 7 = j (ii) [End of any polynomial ?] 
0 ea” = Repeat through step (iv) while P+ NULL and Q + NULL 
ak 2 (b) (iii) [Get values for each term] 


Al <— POWER_X(P) 


@ t 
PEE HLH AETV A2 «POWER X(Q) 
. + 


Bl + POWER_Y(P) 


pars wo jul ha 
sb) beetle Mate { B2 < POWER Y(Q) 
Fig. 1.31 Linked List SEE Two Variables Bre rower ze) 
0.65. Represent the j linked list - (2 « POWER Z(Q) 


Di © COEFF?) 
fem), June 201! D2 & COEFFQ) 
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(iv) [Compare terms] 


If(Al = A2) and (BI = B2) and (Cl = C2) 


then If D1 + D2 #0 


then R + POLYLAST(Al, BI, Cl, D1 + D2, R) 


P< LINK(P) 
Q< LINK(Q) 


elself (Al > A2) or (Al = A2) and (B1 > B2)) or 
((Al =A2) and (BI = B2) and (Cl > C2)) 
then R © POLYLAST(AI, BI, Cl, D1, R) 


P © LINK(P) 


else R © POLYLAST(A2, B2, C2, D2, R) 


Q« LINK(Q) 


(vy) [Not at end of one of the polynomials ?] 


IfP + NULL 


then LINK(LAST) < COPY(P) 


ele —-IFQ#NULL 


then LINK(LAST) + COPY(Q) 
(vi) [Restore initial pointer values for P and QJ 


P< PSAVE 
Q<QSAVE 

(vii) [Retum pointer to sum polynomial] 
Retum(R) 


0.68. Compare linked list and arrays. Write an algorithm for polynomic 


are static data structures. 


Array 


emory utilization. 
jon are not easic! 
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Algorithm for Polynomial Addition ~ To add two polynomials we need 
to scan them once. If we find terms with the same exponent in the two 
polynomials, then we add the coefficients, otherwise, we copy the term of 
jarger exponent into the sum and go on. When we reach at the end of one of 
the polynomial, then remaining part of the other is copied into the sum. 

Suppose we have two polynomials as illustrated in fig. 1.34 given below, 
we have to perform addition of these polynomials 


Coefficient 
anemees EH 
ae 3x3 2x2 Ix! 10x9 
(a) Nodes of Polynomial One 
Coefficient 
ey Fepenent EH 
xo 3x4 -13 Ix! 10x? 


(b) Nodes of Polynomial Two 
Fig. 1.34 Addition of Two Polynomials 


When we scan first node of the two polynomials, we find that exponential 
power of first node in the second polynomial is greater than that of first node 
of first polynomial. Here the exponent of the first node of the second polynomial 
is greater, hence we have to copy first node of the second polynomial into the 
sum, Then we consider the first node of the first polynomial and once again 
first node value of first polynomial is compared with the second node value of 
the second polynomial. Here the first node exponent value of the first polynomial 
is greater than second node exponent value the second polynomial. We copy 
the first node of the first polynomial into the sum. Now consider the second 
node of the first polynomial and it compared with the second node of the 
second polynomial. Here the exponent value of the second node of the second 
list greater than the second node of the first polynomial, hence we copy the 
second node of the second list into sum. 

Now we consider the third node exponent of the second polynomial and 
compare it with second node exponent value of the first polynomial. We find 
that both are equal, hence perform addition of their coefficient and copied into 
the sum. This process is continuing till all the nodes of both the polynomials 
are exhausted, 

t 
an % 


spoon STACKS AND QUEUES 


eee 
F ‘AS ADT, DIFFERENT IMPLEMENTATION OF 
"STACK, MULTIPLE STACKS 


Q.1. What is meant by stack ? What are various operations that can be 
applied on a stack ? 


Or 

Write short note on stack. (R.GP¥., Nov. 2018) 

Ans, A stack is a non-primitive linear data structure. It is defined as a list 
in which addition (insertion) of new data item and deletion of already existing 
data item is done from only one end called the top of stack (TOS). Since, all 
the insertion and deletion in a stack are made from top of the stack, the last 
added item will be the first to be removed from the stack. That is why, stack 
is also called Last-in-First-out (LIFO) type of list. 

The most accessible information in a stack is at the 
top of stack and the least accessible information is at the 
bottom. When an item is added to a stack, we say that |_ 5-4 pp 
we push it onto the stack, and when an item is removed ie A tl 
from a stack, we say that we pop it from the stack. Paste. 

Whenever a stack is created, the stack base remains ia 1 
fixed, as a new element is added to the stack from the 
top, the top goes on increasing, conversely as the top ibid 
most element of the stack is removed the stack top goes Fig, 2./ 
on decreasing. 

The basic operations that can be performed on stack are as follows - 

(i) Push —The process of adding a new element to the top of stack 
is called push operation. Each time a new element is inserted in the stack, top 
is incremented by one before the element is placed on the stack. 
(ii) Pop —The process of deleting an element from the top of stack is 

called pop operation. After every pop operation, the top is decremented by one. 


(iii) Create(s) — This operation is used to create as an empty stack(s). 
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(iv) Top(s) ~ This operation is used to retum the top element of st, hy 


(v) Empty(s) This operation is used to check whether the s1,, \ 
empty or not. It retums true if stack is empty and retums false other, 


(vi) Peep ~ This operation is used to extract an information So, 
at some location in a stack. 


(vii) Update ~ This operation is used to update the content of Lon 
location in a stack. 


Fig. 2.2 shows various stages of stack top, during insertion and ti, 


SEBS 


_ Inserti 
= Top cry ih ne 
sich Reem Element 
(a) Stack Top Increases During Insertion 


=S=0=0= 
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Step (a) check for stack overflow] 
If TOS 2 Size 
Output “Stack overflow” and exit 
Step (b) Increment the pointer value by one] 
TOS = TOS + I 
Step(c) Perform insertion] 
S[TOS] * value 
Step (d) — Exit 


(ii) POP Operation — The algorithm for POP operation is as follows — 
Step (a) check whether the stack is empty] 

If TOS = 0 

Output “Stack underflow” and exit 

Step (b) — [Remove the item from the top of the stack] 

value = S[TOS] 

Step (c) — [Decrement the pointer value by one] 
TOS = TOS - | 

Step (d) — [Return the deleted item from the stack] 
Return (value) 

Step (e) — Exit 


0.3. Write short note on stack as abstract data type. 
Ans. The representation of a stack as an abstract data type is very easy. 


The type of stack element is represented by eltype and also parameterize the 
stack type with eltype. 


abstract typedef <<eltype>> STACK (eltype); 


are 2 — wy abstract empty(s) 
STACK(eltype) s; 
postcondition empty = = (len(s) = = 
csr oe hated ip Deletion abstract eltype pop(s) 
Fig. 2.2 STACK(eltype) s; 
0.2. Explain stack and write algorithms for PUSH and POP operation, precondition empty(s) = = FALSE; 
_ [R.GPY., Dec. 2003(V-Sem), 2007(V-Sem postcondition pop = = first(s'); 
Or s == sub(s’, 1, len(s') — 1); 
abstract push(s, elt) 
Write algorithm for operations on a stack, ig 2007(V-Sem)) STACK(eltype) s; 
Ans, Stack — Refer to Q.1. eltype elt; 
Algorithms for Operations on a Stack= — alia 
(i) PUSH Operation - The alooritl Berek operation inserts an 0.4. How stacks are implemented using arrays ? 
item to the top of a stack, which is 
size number of items, with 


iby vector $ and containin: Ans. | ic implementation of stacks uses arrays to create stack. The 
i the position of top mos array imp technique is very simple and easy to implement. But, it is 
item in the stack, o> = not a e way of creation because the size of the stack (array) has to be 


- Ve 
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declared before starting the operation. But this is not a big problem, 11 ),. Stacks and Queues 63 
quite few stack operations, the actual number of'elements in the stacy ina h sk as foll 
time never gets too large, Hence, an array is declared that is large CHOrg We can declare such a stack as follows 
accomodate elements. One end of the array is fixed as the bottom of {h,. a ro ‘ 

and the other end is used as a top of thestack which keeps shifling 4, ‘ ose *next: 

are popped and pushed. Top of stack (TOS) is 0 (— 1 for C/C 45) |," }; : 
emery = We must store the index of the array containing the top lene, typedef struct node *stack; 

‘© store the current position - The operation of push (adding) an item into a stack and the operation of 
of the top clement another 20 | et! | | pop Yeeleting) an ee a Te may be implemented Neseiively by the 
field is used. Fig. 2.3 { { 1} following procedure, called linked push and linked pop. 
represents a stack of 100 Index TOS General algorithm for pushing an element into a stack using linked list is 
items. Fig. 2.3 as follows — 


Therefore, @ stack can be declared as a structure containing two fie|q, a Septet free-storage list. 
an array to hold the elements of the stack, and an integer variable to ind, ‘ 


it ithi a iii) Shifting of the pointer top. 
the position of the current top of the stack within the array. : Shifting of the pointer top 
# define MAXSIZE 100 vil a an “s 4 procedure Linkedpush(s, top) — This procedure pushes an item on to a 


stack using linked list representation. An external pointer ‘avail’ points to the 
list of availability of nodes, “Info” refers to the information field of a node and 
variable ‘data’ stores the element. 
(i) [Overflow] 
call to GetNode( ) [to obtain new node] 
iffavail == NULL) then 
message : ‘overflow’ 
return 
. 7 (ii) [Set the top pointer] 
Tepresentatioy set new : = avail 
ftructure. The = = setavail : = link(avail) 
‘ val [Copies data] 
-_ Info(new) : = data 
iv) [New node points to the top of the stack] 
set link(new) : = top 
_ (v) [Top points to new node} 


set top: = new 
(vi) Return 
) for popping of an element from the top of a stack 


(i) Delete the top most node from the stack. 
( teturn the memory space to the free storage list. 


lure Linkedpop(s, top_avail) — This procedure deletes the top 
om the given stack and returns it to the free storage list. Pointer 
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variable ‘top’ points to the top most node of a stack. An external pon, 


cis © te ba ofa [As the top most element refer, , ; Stacks and Queues 65 


beginning of a node of a linked list, therefore, variable ‘loc’ points j,, th, int top A, top B, 
most node and ‘locprev" variable has the NULL value. . int A[SPACESIZE |, 

@ {Deletion of topmost node} struct doublestack s; 

set top : = link(top) } Now we wish to have n > 2 sequentially allocated stacks occupying a 

(i) [Retum deleted node to the avail list) single yector, S[1, ....., m]. This vector is divided into n segments, and cach 

ie “ =e stack i is allocated a segment. Also we have two vectors, T[I, ....., n] and 

Fink(loe) B{I. wy 1], Where T[i] and B[i] are used to indicate the top and bottom of 

set avail := loc stack i, respectively. So if T{i] = Bfi), stack i is empty. Thus, the vector S may 

(iii) Return look like the representation given in fig. 2.6. To avoid special cases when 


- . i i k n, let Bin + 1] =m. 
. Dy pushing and popping stac 
0.6. mattatsii oe Cc? (RGRK, June 2H), To allocate the n segments, we set the elements of B and T initially by the 


= ignments. 

Describe Giferent wept Sach TERESI. ee Dee. 25, mae €T[i] (TRUNC(m/n)) (i 1), 1<isn 
Ans, Refer to Q.4 and Q.5. et A. nr Stack i can grow from B[i] + 1 to B[i + 1] before overflowing onto the 
I next stack. 

sil Sim} 

bd <<<] <x DEX! 

Bit} TI) Bi2] TI] Bin Tin} Bin + 1] 
elements for stack» Fig. 2.6 A Vector Representation of n Stacks 
e than n, elements , Now, the algorithms for insertion and deletion are as follows - 
; Insertion Algorithm — 

(i) [check for overflow] 
if T[i] = B[i + 1] then 
Write(‘STACK OVERFLOW’) 


=* ig Return 
~ nee 
Ti T+] 


ii), I element] 
“— 


a, [i] — x 


for underflow on stack] 

‘if T[i] = B[i] then 
Write(‘STACK UNDERFLOW’") 
Exit 


a] 


' 


OO Ute OUUCIUIES [Uo 
(ii) [Decrement pointer] 
Thi) ¢ Thi 1 
(iii) [Delete element] 
Retum S[T{i]] 

0.8. Itis possible to keep two stacks in a single array, if one rows 
position 1 of the array and the other grows from the last position, Wn 
procedure PUSH (X, S) that pushes element X onto stacks where § js One 
the other of these two stacks include all necessary checks ii in your procey 

[RGRY, Dec. 2003(V-Sem), 2007(V-s," a 

Ans. Suppose, there is single array S containing N elements with Poine 

TOPA and TOPB denoting the top elements in the stacks A and B, Fespeciy, 


(i) Procedure PUSHA (S, TOPA, X) - This procedure i inser 
element X to the top of a stack A which is represented by a vector S contain, 
N clements with a pointer TOPA denoting the top element in the stack 4, 

(a) [Check for stack overflow] 
If TOPA 2 TOPB + 1 
then Write (‘stack overflow’) 
Return : 
(b) [Increment TOPA] 
TOPA€ TOPA+1 
(c) [inserts element] 
S[TOPA] < X 
(4) [Finished] 
Retum 


(ii) Procedure PUSHB (S, TOPB, X) - This procedure inserts « 
element X to the top ofa stack B which is also represented by a vector S containin: 
N elements with a pointer TOPB denoting the top element in the stack B. 

(a) [Check for stack overflow] 
If TOPB 2 TOPA + 1 
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(iii) Procedure POPA (S, TOPA) — This procedure removes the top 
element from stack A which is represented by a vector S with a pointer TOPA 
denoting the top element in the stack A. 

(a) [Check for underflow on stack A] 
If TOPA = 0 
then write (‘stack underflow’) 

Exit 

(b) [Remove top element of stack A] 
item = S[TOPA] 

(c) [Decrement pointer] 
TOPA < TOPA - | 

(d) [Return the removed element] 
return(item) 

(iv) Procedure POPB (S, TOPB) — This procedure removes the top 
element from stack B which is also represented by vector S with a pointer 
TOPB denoting the top element in the stack B. 

(a) [Check for underflow on stack B] 
If TOPB > N 
then write (‘stack underflow’) 

Exit 

(b) [Remove top element of stack B] 
item = S[TOPB] 

(c) [Decrement pointer] 
TOP B <— TOPB - | 

(d) [Return the removed element] 
Return(item) 


0.9. Design a C function for keeping two stack of integer within a 
single array main stack [space size] so that neither stack overflow until all 
of the memory is used and an entire stack is never shifted to a different 
location within the array. (R.GPV., June 2014) 

Ans, The C functions are as follows — 

(i) PUSHI() — This function pushes a new item in stack A. 
— push! (doublestack *DS) 
int item 
if (DS > top A= = DS — top B + 1) 
printf(“\n The stack is full”); 
can getch( ); 
Sh, exit): 
‘oo % a 
el 
~," 
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{ Enter the element fo be pushed”); 


scanf("%ed", &item); 
DS > top At 
DS >A [DS — top Al = item; 


} 
} 


imt popl(doublestack *DS) 
{ 


intitem; 

if (DS top A==—1) 

; printi("in The stack A is empty”); 
getchi ); 


} 
cise 
item = DS + Atop AJ; 
DS topA-— 
} 
retum( item); 
(iii) PUSH2( ) - This function pushes a new item in stack B. 
void pash2{double stack * DS) 
{ % 


GS pt ps 


aba 


yee 
else 
{ 
Print Enter the valu to be pushed”); 
scanf(“Yod", Site); 
Deer 
ad = f 
} = 


% 
©) } | 


(i) POPI() ~ This function removes an item from the top of 
« 
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iv) poPx) ~ This function removes an item from the top of the 
) 
stack B. int pop2(doublestack * DS) 

int item; 


if (DS > top B > SPACESIZE) 
printf(“\n The stack B is empty”); 
getch( ); 
exit(0); 

} 

else 
item =DS—> A tl B]; 
DS — top B — 


Dexitfiion’; 


0.10. What is stack and how it is implemented using array ? List few 
of stack, (R.GRV., June 2016) 
Ans, Refer to Q.1 and Q.4. 
Applications — There are a number of applications of stacks in computers. 
Some of them are given below — 
(0) Stack frames (ii) Reversing a string 
(iii) Calculation of postfix expression (iv) Recursion. 


Q.I1. Define polish notation. What are the different ways to express an 
Or 


the following — 
(i) Infix notation (ii) Polish notation (iii) Reverse polish notation. 
(R.GP.V., June 2013) 
Ans, The method of writing the operators of an expression either before 
their operands or after them is called the polish notation. 
There are three ways to write an expression — 

() Infix Notations — When the operators exist between two 
operands then the expression is called infix notation. For example, the 
coma ed fo numbers A and B is written in infix notation a 

A+B 


x 


oo 


4 
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(ii) Prefix Notations ~ When the operators are Written },, | 
operands, then the expression is called the prefit notation «or Prep 
notation. For example, the expression to add two numbers A and jy | P,, 
in prefix notation as — Yh 


*AB 
(iit) Posefix Netatiots = When the operators are writte, an 
operands, it is called postfixor suffix notations. It is also known a. h * 
polish notation. For example, the expression to add two numbers ane 
written in postfix notation as - “ 
AB+ 
0.12, Write an algorithm to convert an infix expression to ity 
form. ' % 
Ans, The algoeithm to convert an infix expression to its prefix form ; 
follows - , oF 
Reser tril a This Algor 


@® Push t end of Q. 

ft ad repeat steps (ii) t0 (Vi) of ¢. 
(i) I an operand is encountered, add ito P. 
() a right parenthesis is encountered, push it onto STACK. 


d add to P each operat, 
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The algorithm to convert infix string to a postfix string is as follows — 


se Q is an arithmetic expression written in infix notation, then this 


algorithm finds the equivalent postfix expression P. 


(i) Push ‘(’ onto STACK, and add ‘)’ to the end of Q. 
(ii) Scan Q from left to right and repeat steps (iii) to (vi) for each 


ment of Q until the stack is empty. 


(iii) If an operand is encountered, add it to P. 
(iv) Ifa left parenthesis is encountered, push it onto stack. 
(v) If an operator ® is encountered, then — 
(a) Repeatedly pop from STACK and add at P, each operator (on 


the top of STACK) which has the same precedence as or higher precedence than ®. 


(b) Add @ to STACK. 
[End of if structure] 


(vi) Ifa right parenthesis is encountered, then — 
(a) Repeatedly pop from STACK add to P each operator (on 


the top of STACK) until a left parenthesis is encountered. 


(b) Remove the left parenthesis. [Don’t add the left parenthesis 
: at P] 
‘(End of if structure] 
[End of step (i)] 
(i) Exit 


Here, ® means any of the operator. 
Table 2.1 explains the steps in conversion of infix expression A + (B * C 


~(D/EAF)* G)*H 


Table 2.1 
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ABCC * PQ*R + 
ABCC * PQ *R + 
ABCC * PQ*R+S 
ABCC *PQ*R+S*4++ 


0.16. Explain how the evaluation of postfix expression takes place using 
astack? or 


Write an algorithm for evaluation of postfix expression with example. 
(R.GPV, Dec. 2015) 


ARC* 
i ABC Ans, Once the expression is converted to postfix, we no longer require to 
Z -— mber the precedence rules. The expression may be evaluated by scanning 
Q.14. A+ (B*C - (DIE F)*G)*H. Give postfix fo from left to right. We push the operands in the stack and evaluate whenever 


we come across an operator using the top two operands from the stack and 
pushing back the result of the operation onto the stack so that it will be available 
for use as an operand of the next operator. 

Let us write an algorithm to evaluate an expression given in postfix form — 

clear the stack 

symb = next input character 


while not end of input 


e, we have to evaluate the following postfix 


98 + 382/*2+- 
rithm with this input, we can show the contents 
result after each iteration of the loop as in 
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( | tee 
5047 
empty . 
. 


Now the evaluation of postfix expression Q is as follows 
Q=3275%32%3 


Table 2.5 


‘The result of this postfix expression is 3. The size of stack keeps Vary 
as the operands keep coming and going from the stack. ™ 
Q.1°. Write an algorithm to find the VALUE of an arithmetic expre,.. 
P imto postfix notations — "Sly 
P=(3 72* 53 *2-3)+5 
Ans, Algorithm to Find the Value of Arithmetic Expression, iy 
Postfix Notations - Refer to Q.13. " 
Table 2.4 shows the conversion of infix expression P into Posts, 
expression Q. ; 


tA | BW £w eu ow w 


Q.18. What are the advantages of polish notation ? 
Ans, The advantages of polish notation are as follows — 
(i) Polish notation allows us to write expressions without need for 
is. For instance, the expression a * (b + c) in polish notation would 
be *a +be while a * b +c is + * abc. 
(ii) Polish notation is easier to evaluate in a computer. 
(iii) Because polish notation requires no parenthesis so it saves 
memory and efforts. 
(iv) We all are well familiar with prefix expressions. 
(v) Another advantage of polish notation over ordinary arithmetic 
notation is that in polish notation there is no need for parenthesis or operator 
precedence. In polish notation, every operator always operates on the one or 


be * ram following it. In reverse polish, it operates on the 
tely preceding the operator. 


form of P) 


245#32 
275*3 2* 
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Q.19. Convert the following infix expression to » 


Show all steps. 
) AAB*C~ D+ BPIG+ A) 
i) (4+ B)*(C A(D- B+ PE 


RGRPH., Dec. 2016, Nov, 2% 


ans) AAB*C-DeBEIG+H) 
-A,b*C-ps BR GGH) 
AAB*C~ D+ BR (+GH) 


sAB*C-D4/ER/(+GH) 
nAB*C- D+! BF+GH 
=*, ABC-D+/(EF +GH 
* ABC + -D+/ BF +GH 
== *,ABC+D+// EF +GH 
(A+B)*(Ca(D-E)+F)-6 
=(+AB)"(CA(D-E)+F)-G 
=(+AB)*(Ca(-DE)+F)-G 
=+AB*(nC-DE+F)-G 
=*+ABAC-DE+F-G 
=*+ABAC+-DEF-G 
=-*+ABAC+DEF-G 
=-*+AB-aC+DEFG 


{n) 


0.20, Explain the concept of recursion with example. 


(R.GRV., Nov. 201, 


Ans. Recursitn is one of the most powerful tools in a programmin, 
language. Recursion is defined as defining anything in terms of itself. Becinis 
is used to solve problems involving iterations (multiple executions), in revers, 
order iteration or loop statements helps the programmer to carry out certay 
task a number of known times or as long as the desired condition is trx 
Recursion is an alternative to iteration in making a function execute repeated) 

In programming languages, functions are said to be recursive if th 


function calls itself. 


Recursive function call may be director indirect. Ifa function calls it! 


unconditionally. Then no function after 
retum snd sa infinite sequence of also the 
uch function will not terminate, “~Y 


would ever be able » 
ion will be produced 


¢ prefix eNpre Nj, 


4 


— tO 
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Usually, recursive functions are used with a call to condition, 
terminate the particular function. Recursive call doe 
efficient, rather an equivalent non-recursive 


related to performance 


50 aS LO 
s not prove to be more 
is preferred more because of reasons 


Example — An example the factorial function, whose dornain is the natural 
number can be defined as 


| if n=O 
n*(n~1)*(n~2)*....*1,if n>0f 
Let us consider the case of 4! since n >0 we use second clause of definition 


nt 


4! = 4#392*1 = 24 
3! = 34241 = 6 
Q=2*1=2 
N= 

ol=1 


Such definition is called iterative, because it calls for the explicit repetition 
of some process until a certain condition is met. 
Let us look again at the definition of n! 
A4l= 4*3*2*] = 4*3! 
31 = 372") = 3*2! 
21 = 2*1 = 2*1! 
= b= 1 *0! 


ae 1 ,ifn=0 
n*(n-1)!,ifn>0 
Such a definition which defines an object in terms of a simpler case of 
itself, is called a recursive definition. 


Here n! is defined in terms of (n —1)! which in turn is defined in terms of 
(n—2)! and so on, until finally 0! is reached. 


Let us write a C routine for calculating factorial of n. 


or 


factorial( n) 
intn; 
{ . 
int x; 
if( n == 0) 
return(1); 
x=n-1; 


return( n *factorial(x)); 
} 
In the second return statement factorial calls itself. 


A procedure that contains a procedure call to itself is known as recursive 
procedure, 


02.21. Write a recursive function to get the reverse Of ARIVEN inte. : 


Ans. Recursive function to get the reverse of a given Integer jy, 


entered by user is as follows 
reverse(n) 
int n, 


f 
i 


int d, r= 0; 
if(n==0) 
return(n); 
else 


d=n%l0; 
r=rl0+d; 
reverse(n/10); 


: return(r); 

0.22. How is stack useful in recursion ? Write a recursive function, lo 
calculate the product of two integers. 

Ans, Stack may be used to implement recursive procedures. Beforg 
describing the use of stack in recursion, we have to first discuss subprogram, 
in general. 

A subprogram can contain both parameters and local variables. T), 
parameters are the variables which receive values from objects in th. 
calling program, called arguments and which transmit values back to the 
calling program. Besides the parameters and local variables, the 
subprogram must also keep track of the return address in the calling 
program. This return address is essential, since control must be transferreg 
back to its proper place in the calling program. At the time that the 
subprogram is finished executing and control is transferred back to the 
calling program, the values of the local variables and the return address 
are no longer needed. ’ 

Recursive Function of Calculate the Product of Two Integers — 
//Recursive function to calculate the product of two integers. 
multiplication(a, b) a 

int a,b; ’ 
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2. Describe Tower of Hanoi problem, 
Or 

write a algorithm for Tower of Hanoi problem. Also explain with the 


(R.GRV., Dec. 2016) 


amples (R.GRPV., June 2015) 
a Or 
Discuss Tower of Hanoi problem. (R.GPYV., Dec. 2015) 
Or 
Write a recurrence relationship that describes the number of ring moves 


sa in of n made by the following algorithm that solves the Towers 
df Hanoi problem using four spikes. (R.GPV., June 2016) 
Ans. The Tower of Hanoi is a famous recursive problem, which is 


; pased on three pegs and a set of disks of graduated sizes, Suppose three 


labelled X, Y and Z are given and on peg X there are finite number of 
gisks nin increasing (size) order, i.e. biggest one at the bottom and smallest 
at the top. The problem is to move disks from peg X to peg Z using 
Y whenever it is required. Following are the rules which must be 
followed before moving a disk — 


(Only one disk may be moved at a time. 
(ii) Only the top disk on any peg may be moved to any other peg. 
(iii) A larger disk cannot be placed on a smaller one, 

Pictorial view of Tower of Hanoi is given below. Let there are n= 4 disks, 


PegZ 
Fig. 2.7 Tower of Hanoi Problem 


Peg Y 
The solution to this problem is very simple. If there are only two disks to 
irst disk D, is moved to peg Y, and move the disk D, to peg Z and 
ly the D, is moved from peg Y to peg Z. Fig. 2.8 shows the solution with 


Bel 


Peg Y Peg Z 
[First Step] 


one 
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/*main funetion*/ 
void main( ) 
{ 
int n; 
; Peg 7 printf("\n Input the number of disks:”); 
Peg X scanf(“%d", &n); 


{Second Step] printf(“\n Tower of Hanoi for %d Disk”, n); 


hanoi_tower(‘X’, ‘Y’, ‘Z’, n); 
i } 
I 0 MU. What do you mean by direct and indirect recursion ? Write a 
sive C: function for Tower of Hanoi problem. (R.GP-V., Dec. 201 4) 
me) nee "Ans. Refer 10 20 and Q.23. 
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Peg k Pee Peg Z ms 
[Third Step] 0. 2. What is recursion ? How does it differ from iteration ? Write an 
| to generate first ten Fibonacci numbers recursively, 
\. <i (R.GRV., Dec. 2010, 2011) 
a : } Ans. Recursion — Refer to Q.20. 
» | pifferences between Recursion and Iteration — 
vy ~__Heration 
PegX ‘is a process of executing a —_{It is the technique of defining 
statement or a set of statements, | anything in terms of itself. 
until some specified condition is 
Fig. 28 
ing is the implementation of solution of Tower of Hanoi prob] involves four clear cut | There must be an exclusive if 
As rm cers pe em ps initialization, condition, ex- | statement inside the recursive 
disks n, and updation. function, specifying stopping 


condition. 
Not all problems have recursive 
solution, 


y recursive problem can be 
iteratively. 

¢ counterpart of a problem | Recursion is generally a worse 
efficient in terms of option to go for simple problems, 
ry utilization and execution | or problems not recursive in 
nature. 


FIBONACCI (FIB, N) 
returns the value in the first parameter FIB. 
*N =0 or N = 1, then : set FIB : = N, and Return. 
ONACCI (FIBA, N-2) 
ONACCI (FIBB, N-1) 
3 : = FIBA + FIBB 
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and recursion. 
0.26. Differentiate between the iteration GRY, Jom, . 
Ans, Refer to Q.25. ' 
0.27. nen naar | 
Ans, Refer to Q.25. ’ 


0.28. Conver he foie noe ne prefs and pox, 


odie Ja 


Ans, Prefix — 
= (b) + y(b72)-(4%a)*e) (2a) 
= =b+y(T02)—(0 ac) /(*28) 
= b+ y—Th2**4ac /(*2a) 


== (by (t= Meaetae D/C) 


=-((+—b?- 72 “aac U2)/| 
=/+-T- Tha**dact/2*20 
Postfix — eye ~4aci2 euemipen” ee 
te ; 


ds aay pois. 
Iedahey | 


or 


4 


(RGPK, June >, 
‘ 


tacks and Queues 43 


9, Convert the following expressions into postfix and prefix form 
@ ACBYC/D ETETG 


fi) BY(-O* DY ATD 


(R.GPY., Dec, 2013) 


f) (A+ BY C/D+ ET ETG - 
postfix = 


. 


=(A + B)*C/D + Bt PAG 
= (AB +)*C/D + (Bt PYG 
= (AB +)*C/D + (EFT)1G 
= (AB +)*C/D + (EFTG*) 
= (AB + C*)/D + (EFTG*) 
= (AB + C*D/) + (EF*G*) 
=AB + C*D/EFTGT+ 


=(A+B)*C/D + ETETG 

=(+AB)*C/D + (ETF)1G 
=(+AB)*C/D + (TEF)TG 
= (+AB)*C/D + (TTEFG) 
= (*+ABC)/D + (TTEFG) 
= (/*+ABCD) + (TEFG) 
=+/*+ABCDTTEFG 


=B*(-C)*D+ATD 

= B*(C-)*D+(AD1) 
= (B*(C))*D+(AD*) 
= (BC-*)*D + (AD?) 
=(BC-*D*) + (ADt) 
=BC-*D*ADT+ 


=B*(-C)*D+ATD 

= B*(-C)*D+(ATD) 

= (B*(-C))*D + (TAD) 
=(*B(-C))*D + (TAB) 
=(**B-CD) + (TAB) 
=+**B-CDTAB 


VE RN Ue [wey 
0.30. Convert the following infix expression t0 Prefix expre.. 
give various steps in evaluating using stacks. " 4% 
(5*3 1 2)/(3+(7+3)/10) 

(RGRK, June 2009, De. , 


. <0 
Ans. The conversion of the given infixrexpression t0 prefix expres 
ta 


as follows - 
= (5¢372)/(3+(743)/10) 
=(5*(3 t2)/(+(7#3) 10) 
=(5* (732 /(3 + (74 3)/ 10) 
=(*5732)/G+(7+3)/10) 
=(*5732)/(3 + (+73) 10) 
= (*5 73.2)/(3+((47 3) 10) | 
=(#5032)/(3+(/+7310) 
=(*5732)/(@4+/+73 10) 
=(*5732)/(+3/+73 10) 
=((*5732)/(+3/+73 10) 
=/*5732+3/+7310 
Table 2.6 shows the steps to evaluate the expression using stacks, h 
order to evaluate the prefix expression, we scan the symbol from right to Jeg 
in prefix expression — 


ay pas Rie) (2 eS tos 
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DIFFERENT IMPLEMENTATION 
QUEUE, CONCEPT OF DQUEUE AND 

QUEUE SIMULATION, APPLICATION OF 
QUEUES 


gst. What is queue ? What are the different operations that can be 
applied t0 a queue ? 

Ans. A queue is a non-primitive linear data structure. {t is an ordered 
oupof elements in which elements are added at one end called the rear end 
and the existing elements are removed from the other end called the front end. 

For example, at the railway reservation booth, whenever a person enters 
queue he stands at the end of the queue and everytime the person at the front 
of reservation booth gets the ticket and leaves the queue. Thus, the person 
who comes first in the queue, 
\ ieaves first the queue. So, this 
ata structure is also called 
first-in-first-out or FIFO. 

Fig. 2.9 illustrates a 


Front 


queue containing three ae (@) 
elements A, B, and C. A is at 
the front of the queue and C pele] 
is at the rear. In fig. 2.9 (b) 
an element has been deleted Rear 
the queue. Since (b) 
ents ma} be deleted only Rrent 
t t of the queue, 
d and B is now at Pe fecfofe] 
fig. 2.9 (c), when a 
E are inserted, (c) 


Fig. 2.9 Queue 


g with queue firstly we must initialize the queue. The basic 
add an element to a queue and to delete an element from a 
gan element is popularly known as ENQ and deleting an element is 


i) CREATEQ(Q) — Which creates queue as an empty queue. 
Q(Q) — Which adds an element Q to the rear of a queue and 
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void push(NODEPTR *pstack, int x) 


: NODEPTR p; 
. p = getnode( ); 
p> info = x; 
if (empty(pstack) = = TRUE) 
*pstack = p; 
Gee** the 


p> next = (*pstack) —> next; 
(*pstack) > next = p; 


function for a stack implemented as a circular list calls the 
pop is called by pop(&stack). 
op(NODEPTR *pstack) 


intx 
NODEPTR p; 
if (empty(pstack) = = TRUE) 


printf(“stack underflow\n”); 


for operations on a queue. 
e array of size MAXSIZE, then the insertion and 


(c) [Set the front pointer] 
If Front =~ | 
then Front = 0 
(d) Retum a 
The C function for this algorithm is as follows ~ 


itear> ~MAXSIZE)- 


{ 
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item = queue[ front); 
front = front + |, 
printf(Item deleted = %, d", iter); 


} 
5. Explain the static implementation of queue. 
Or 


How quenes are implemented using arrays ? 
ja If queue is implemented using arrays, we must be sure about the 


front — rear + | 
there only 4 elements in the queue at present as shown in 
When we remove an element from queue, we get the resulting 
wn in fig. 2.10 (b) and when we insert an element in queue we 
eue as shown in fig. 2.10 (c). When an element is removed 


e the value of front pointer is increased by 1, i.e., 
“si Front = Front + | 


Fs 40 
 SSSSREREN 


(a) Queue in Memory 


eue after Deleting First Element 


‘ ; 40 
JSS 


after Inserting an Element 
Fig. 2.10 


Similarly, when an element is added to queve the vn HOF the r, i 


is increased by |, ie., "hy 
Rear = Rear + | Pernt aaa ret 


in the i for this operation can be written ae follow 
wae. in the queve 5, Vig, mcm link queue(Q, front, rear. iter 
The declaration of quewe in Cis as Follows - | epee 
struct queue j partes: = 
{ to GetNode, adds new node} 
int from, rear, 2. gett: = GetNodet ) 
‘int items[MAXSIZE}; get data(t) ; = item 
‘ set next(t) : = NULL 
node then exit, otherwise points to next node| 
@ 6 = Soe—nadedeamaas 3, (sinele ond 
etaedilieiiieieend? A ie 


Ans, The queue can also be implemented as a linked list using po z 
This implementation requis Wo oiners rom tothe frst element oy. ‘San aa 


and rear othe las clement ofthe lis, as shown is fig. 2.11. ‘ 
We can declare the que inthis implementation as follows - es: fal 


mn Operation — For the deletion of an element from the 
wish to delete an element from linked queue Q. The 
rear are pointing to front-end and rear-end of queue 
ible next is pointer to point next node in the queue. The 
eration is as follows — 


link, < queue(Q, front, rear) 
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0.37. What are the disadvantages of representing a stack Op 
Tink list ? (RGRY, J, nie 
Ans, The disadvantages of representing a stack or queue by link i 
as follows — 
(i) Anode ina linked list occupies more storage than a POR 
element in an array. 
(ii) Additional time spent in managing the available list, 


0.38. Show how to implement a queue using two stacks. Analy., 
running time of the queue operations — 
(i) Show that for a sequence of n queue operatio,, 
implementation takes a worst case running time of O(n). 
(ii) If there are a maximum of k elements in the queue az 
time, what isthe worst case running time to perform one queue opera, 
(R.GPV., June Ps 
Ans,  iestaebnintilibieg rvetaci. Two stacks are useq , 


Stack 1 and Stack 2. When push operation performed on s;, Mi 
i ELE i ips ieveeerint while when pop operation Pert | 
of Sack, the 


implemented. When Stack 2 is emp Dy 
musa! 


ead ett bh Be order of g, 
=“. Pa st 


*th 


tag 
i. | 


e stack | is not empty push every thin. 
“a 


(R.GPRV, June 2015) 
tion of a new element can 


cil 
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‘ circular queue has a front and a rear to keep the track of the elements 
d and inserted. The following assumptions are made ~ 

ob? (i) Front will always be pointing to the first element. 

(ii) If front = rear, the queue is empty. 

(iii) When a new element is inserted into the queue the rear is 


| sete by one. 


(iv) When an element is deleted from the queue the front is 


ented by one. 
iz front = front + 1 


ion in the circular queue will be the same as with linear queue, but 
required to keep track of front and rear with some extra logic. 
2.13 shows a circular queue. If a new element is to be inserted in the 
position of the element to be inserted will be calculated by the relation, 
rear = (rear + 1) % MAXSIZE 


rear = rear + | 


sie 
Fig. 


powstte 


Fig. 2.13 Fig. 2.14 
element 30 to the queue. The rear is calculated as follows 
rear = (rear + 1) % MAXSIZE 


=(2+1)%5=3 


method for a circular queue 10) 
modification as compared to ay , 
‘ Qf] (? onl 
of the front will be calculated i) 
EAA, 
enn a Qt QI2) 
the queue of fig. 2.14 after " 
lated as follows — Fig. 2.15 
which implements circular queue. 


Or 
m for insertion and deletion operation on circular 
(R.GP¥., Dec. 2014) 
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Ans. The algorithms for insertion and deletion operations ar. 95 


(i) Algorithm for Adding an Element in @ Circular ¢, omens 
(a) Itfront = = ((rear + 1) % MAXSIZE) Cue pe 
Output “queue overflow” and exit front = (front + 1) % MAXSIZE 
else : Take the value ~ if] 
If{front = = -1) The * function for this algorithm is as foll 
6a 0 a Seelaet) is as follows 
rear = ((rear + 1) % MAXSIZE) { 
Assign __ intitem; 
cae meee) 
"fend printf(“\n queue is empty”); 
f™% return; 
.% & is as follows - } 
(yee) che 
{ item = cq[front]; 
if(front = = rear) 
iffront == ((rear + 1) % MAXSIZE) : front = rear =~ 1; 
4 queues full”); front = (front + 1) % MAXSIZE; 


return(item); 


ts are inserted and deleted in a circular queue ? 
(R.GPV., June 2015, Nov. 2018) 


cular queue is preferred ? Write an algorithm to insert an 
ar queue. 

ce to Circular Queue — There are certain problems 
ir queue when implemented using arrays. 
fear is incremented and in case of deletion front is 
e has tendency to move forward at the end of array. 
the following situation will definitely occur 
locations before front are empty but we cannot do 
e rear has reached to the end of the array. 


MAX-2 MAX-I 
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that the queue is nearly full. Then the rear will have m« 


This problem can be solved in various Ways - 

Solution (i) - In delete operation, front js not incremented. It j. ; fir wit a the front, all the way around the circle, and when the array \s fu 
the start location. So as a deletion occurs, the entire array 's shifted to a fr will be exactly One position behind the front. Thus, we ha ott 
the beginning of the array by one step. It ensures that if there Is any * it atthe frontandl rear indices are in exactly the same rele atv positic 
the queue, it is after rear, so addition can be done. iF je nit and fora full queue. This situation is shown in fig. 2. | 


Solution (if) - Another solution is to view the array that holds the 
asa circle rather than as a straight line. That is, we imagine the first clemee 


the array (that is, the element at position 0) as immediately following jy. it 
element. This ensures that even if the last element is occupied. a ney, ” ‘ 


can be inserted behind it in the first element of the array as long as thas 
element is empty. 

Insertion Algorithm ~ Refer to Q.40. 

0.43. Write the advantages and disadvantages of circular queue, 

Ans Advantages) Aciclarqueve overcomes the problem of un, 
Space in linear queves implemented as arrays. 

(ii) A circular queue also have a front and rear to keep the track 
the elements to be deleted and inserted and therefore maintain the Unigy 
characteristic of the queue. 

Disadvantages ~ There is also ns associated with circular que, 
In circular implementation we between full and empty quey., 


If there is exactly one entry in wet front index will equal t, 
i one ¢ e en the front will be increased, 


u rear is one before the fron, 

rly fu Then the rear will haye moved wey 
ll be way around the circle, and when the array is {yy 
on th ‘Thus, we encounter another difficulty 
ss are in exactly the same relative positions for ay 


‘circular queue ? How these can be 


we aieae coeerrnee 
wet? 
cote Rear Front 


fi 
| Remove the Item 


poe Rear a ra 


Fig. 2.17 Empty and Full Queues 

are at least three ways to resolve this problem. One is to leave one 
in the array so that the queue is considered full when the rear 
within two positions of the front. A second method is to use a 
stores the type of previous operation , It is set to be | in 
set to be 0 in deletion function. If flag = | and front is one 
the queue is full. If flag = 0 and front is one ahead to rear, 
empty. Instead of boolean variable, an integer variable can 
ounts the number of items in the queue to check empty or full 
‘solution is to set one or both of the indices to some value(s) 
e never occur in order to indicate an empty (or full) queue. 
array entries are indexed from 0 to MAX ~ |, then an empty 
vated by setting the rear index to ~ |. 

on of circular queue in C to accomodate this feature is as 


records to indicat 


of circular 


BV, June 2014) # define MAX 100 
! eue. In circular typedef int item; 
iauplemesition Wom : t typedef struct Q-tag{ 
is exactly one entry in the que e then i ‘equ index. 4 int front, rear, count; 
When this one entry is removed, ( » item ele[MAX]; 
an empty queue is indicated when 4 } C_Queue; 


The modified fiunctiOns 11 Cw eewrewnnw sents HAUTE Wy j)) he 
/* function to initialize a circular queue * : 
Void initialize(C_queue * Q) 
{ 


as fy 


Q = front = 0; 
Q rear =~ 1; 
Q= count = 0; 

} 

/* function to add an item in a circular queue * / 
void add_queue(item x, C_queue * Q) 
{ 

if (Q > count > = MAX) 

printif“in queue is full”); 

else 

{ 


Q= count + +; 
Q rear =(Q > rear + 1) % MAX; 
Q ele [Q = rear] = x; 


} 
/ * function to delete an item from a circular queue * / 
int del_queue(C_queue * Q) 
{ 
item x; 
if (Q - count == 0) 
printfi“\n queue is empty”); 
else 
{ 
Q > count =~; 
x=Q ele [Q— front]; 
Q- front =(Q front + 1) % MAX; 


retum (x); 
} 
/ * function to check for full queue * / 
rae 

return (Q — count > = MAX), 
} . ; 
/ * function to check for empty queue * / 
int empty(C_queue * Q) ‘ye f 
t 


‘ 


i 
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) 
' - 
*function to find queue size */ 
nt size (c_queue*Q) 


{ 


return (Q > count); 


} 
A How queues can be represented by circular list ? Write algorithms 
riitive operations of queues represented by circular list. 
a 
Or 
explain the dynamic implementation of circular queue. 
(RGR. June 2013) 


ns. It is easier to represent a queue as a circular list than as a linear list. 
‘near list, a queue is specified by two pointers, one to the front of the list 
the other to its rear, However, by using a circular list, a queue may be 
ified by @ single pointer q to that list. node(q) is the rear of the queue and 
ie following node is its front. The function empty is the same as for stacks. 
routine remove(pq) called by remove(&q) is identical to pop except that 
references t pstack are replaced by pq, a pointer to g. 
The C routine insert is called by the statement insert(&q, x) and may be 


sali 


oi 


as follows — 
yoid insert(NODEPTR *pq, int x) 
‘ NODEPTR p; 
p = getnode( ); 
p— info = x; 
r if (empty(pq) = = TRUE) 
= = *Pa-p; 
~ velse 
p — next = (*pq) > next; 
——_ (*pq) > next = p; 
*pq =P: 
return ; 
BS 
0.46. Explain the concept of deque. [R.GPV., Dec. 2007(IV-Sem)] 


ad Or 
Whatis a D-queue ? List various classes of D-queue. Explain its insertion 
and deletion operations with the help of examples. (R.GP.V., Feb, 2010) 
Ans, A double ended queue or deque is a linear list of elements in which 
insertion and deletion operations are performed from both the ends. It means 
that we can insert elements from the rear end or from the front end. 


> 
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There exists two variations of deque — 
(i) Input-restricted Deque—Input-restricted deque allows; 
ofan element at only one end, but it allows the deletion of an Clemey, i 
the ends, 


(ii) Output-restricted Deque — Output-restricted de, 
deletion ofan element at only one end, but itallows the insertion ofan, 
at both the ends. \ 


Fig. 2.18 shows the structure of deque. 
Deletion, Insertion Deletion ‘i 
Lo =f TTT. 
Front Rear Front Rear 
(a) A Deque (b) Input-restricted Degue 
Insertion Insertion 
a Deletion 
Front Rear 
(c) Output-restricted Deque 


Fig. 2.18 
In deque, if the element is inserted from the “front-end” then “front 
decreased by 1 if itis inserted at the “rear-end” then rear is increased by | 


indicate that the deque isempty. 
0.47. reheat Write an algorithm to insert in m 
i ‘ [R.GBV,, June 2007(1V-Sem) 


A 
_ can be deleted at 


| 


usin 
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m to Insert in an Output Restricted Dequeue ~ 
a [Check overflow condition] 
if rear > n and front = 0 
output “overflow” and Return 
B [Check front pointer value] 
(ei front > 0 
front = front — | 
else return 
ii) [Insert element at the front end] 
(i Q[front] = value 
ag rear pointer value] 
rear <n 
oe rear + 1 
else return 
element at the rear end] 
) he = value 
(vi) Return 
0. 7h Discuss the comparison between stacks and queues. 
(R.GP.V., Dec. 2015) 


i) 


Ans. Refer to Q.47. 
04. For a double ended circular queue (ie. Deque) implemented 
‘an array, give algorithms for — 
(i) is DQEmpty-returns true if deque is empty 
ji) is DQOFull-return true if deque is full 
sertFront-insert an element is the front of deque. The 
sho! also check error conditions if applicable. 
(R.GPV., June 2010) 
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r ity queue then insertion may mean that the new clement p 
1, If (front = = 0 and rear = = MAX-1) whe ity q 
ite (D A . retur jor middle of the queue, This can require the movement of ra 
—— aoe wine + we can say that it is better to split a priority queue m sever 
che each having its own storage structure 
front = front-I a a 
Dogue [front] = value 
2 Ren tet T bef TD [sft] 
Priority = 2 
0.50. Explain the following - 
(0 Matiple stacks (i) D-quene (ii) Multidimensional arr, rife] [fel] fs-[<dq] 
Priority = 3 


(R.GPK, Deo. , 
Ans, () Multiple Stacks ~ Refer to Q.7. “O13 
(ii) D-quewe - Refer to Q.46. 
(iii) Multidimensional Array — Refer to Q.27, Unit-I. 
0.51. Write short note on priority queue. 
IR.GR¥., Dec. 2005(V-Sem), 2007(1.5, 
Ans, A queue in which itis possible to insert or remove an elemen; : 
position based on some priority is called priority queue. Fig. 2.19 shows” 


Priority = 4 


fet} Tf longer] 


Fig. 2.20 Queue According to their Priority 


y) 


+ 


0.52. Write short note on D-queue and priority queue. 
(R.GP.V., Nov. 2018) 


‘Ans. Refer to Q.46 and Q.51. 


0.53. Write short note on queue simulation. 

‘Ans. Queue simulation is an important application of queue. A modeling 
activity generates statistics of the performance of queues. Let us create a 
single server queue model. For example, a salt water taffy store move on a 

The store clerk can service one customer at a time. The store 

‘ns taffy boxes in the country. Because it takes | to 10 minutes to serve to 

mers. Digital clock which assumes events start and stop in | minute 

ls is used by the simulation. The simulation has to check three events in 

each minute of operation. The start of customer processing, the completion 
of customer processing and the arrival of customers. 

Define multiqueue. (R.GPV., Dec. 2015) 

LItis Possible to maintain two queues in the single array. If one 

n front end and other from last end. Elements are inserted at the 

‘deleted at the front end in the queue. To maintain two queues, 

front and rear end. Both the queues can increase upto any 

st position to maximum. However there should be multiple 

p track of the total number of value stored. If count becomes 


queue is a series of queues 
ri what priorities are associated 
ity queue can be 
. The elements 
is empty, element 
second queues are 
¢ into a series of 
4 priority queue 
d of one of the 


TREE 


ermons nero , DEPTH, ORDER, DEGREE, 


Ql. What do you mean by tree ? Explain with an example. 
Ans, A tree is defined as a finite set of one or more data items (nodes) 
such that = 
(i) There is a special node called the root of the tree. 
(ii) The remaining nodes are partitioned into n > 0 disjoint subsets, 
each of which is itself tree, and they are called subtrees. 
In other words, a tree is a non-linear data structure in which items are 
arranged ina sorted sequence. It is used to represent hierarchical relationship 
cxieiag amongst several data items. 
a tree with 18 nodes. The root node N; has three subtrees 
| of these subtrees are No, N3, Ny Respectively, The 
ode i di ’ 


=< CC” 


are said to be of the same generation. The height or depth Of g 
maximum number of nodes in a branch. This turns out to be o, "by 
the largest level number of the tree. * Map 


Tree 107 

oe Prove that a tree with k nodes has exactly (k ~ 1) edyes or branche 
(R.GRY, June 2014 

ans. We use induction method 

induction Base —If k = 1, then tree contains only one node. Her 

sper of edges or branches = 0. 


Tu 
Lie ynduction Hypothesis — A tree with “k” nodes, must have a root nod 
yst have “J” children (J > 0). If k; denotes the number of nodes in the 


4,20 to ( ~ 1), thus 
spild CE 
ch = 14 >, (kj) 


i=0 to (j-1) 


induction Step — The number of edges in the i" child of the root j 
te }). Total number of edges in all the children of the root is 


xy &-» 
i=0 to (j-1) 


The total number of edges in the tree is (original tree contains another i 
edges from the root to its “j” children) — 


DX ki)-i+i>k-1 
i=0 to (j-1) 
0.2. Define the term order of tree. Thus, above feature is proved for any tree. 
—— So me PONTO 0.5. Define tree. Prove that a binary tree with n nodes has exactly (n— 1) 
ie. (n- 1y2. edges or branches. (R.GP.V., Feb. 2010, Dec. 2014) 
0.3. What is binary tree ? Explain it with a suitable example, Ans, Refer to Q.1 and Q4. 
Ans, A binary tre isa finite set of elements D 
that is either empty or is partitioned into three 
disjoint subsets. The fist subset contains asingle (9 2 
element called the root ofthe tree. The other two 
are Sere aes mg Fe QQ © 0.6. What is a binary search tree ? Construct a binary search tree for 
subtrees original tree. or 


the given C1 ae 
14, 10, 17, 12, 11, 20, 18, 25, 8, 22, 23 
‘Ans. This structure enables one to search for and find an element with an 
average running time f(n) = O(logyn). It also enables one to easily insert and 
delete elements as comparison to sequential search. A binary search tree is a 
binary tree which is either empty or satisfies the following rules - 
~ (i) The value of the key in the left child or left subtree is less than 


right subtree can be empty. Each element of a © OMG 
binary tree is called a node of the tre, Fig. 3.2 Fig. 3.2.A Binary Tree 
shows a binary tree consisting of 10 elements, 

In the above binary tree, A is the root of the tree. The left subtree consists 
of the tree with root B. And the right subtree consists of the tree with root C. 
Further B hasits left subtree with root D and right subtree with root E. Similarly, 


C has its left subtree with root F and its ri with root G. In the next } he value of the root. 

level, D has an empty left subtree and its right subtree with root I. F ha f (if) ‘The value of key in the right child or right subtree is more than 
scien eh aaa left and right wal to the value of the root. 

subtrees. 


tr longest “Mh T ede 


(iii) All the sub-trees of the left and right children observe the two rules. 
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Construction of Binary Search Tree ~ Given data are as jy) 
14, 10, 17, 12, 11, 20, 18, 25, 8, 22, 23 " 
Now, we construct a binary search tree as shown in fig, 3.3 


Fig. 3.3 
x 0.7. Write an algorithm to delete operation in any binary Search y 
(taking all cases). [R.GPN, Dec. 2002(V-Sem), June 2005(V-Sem), Dec, un 

Ans. Suppose, Tis binary search tree and suppose an item X of informa, 
is given and we haveto delete X fom the tee T. The deletion algorithm fs." 
the search algorithm to find the location of the node N which contains X and aj, 
the location of the parent node P(N). The way N is deleted from the tree depen 
primarily on the number of children of node N. There are three cases — 

Case - (i) - N bas no children. Then N is deleted from T by simply 
replacing the location of N in the parent node P(N) by the NULL pointer. * 

Case - (ii) - N has exactly one child. Then N is deleted from T by simp), 
replacing the location of N in P(N) by the location of the only child of \. 

Case - (iii) -N has two children. Let S(N) denotes the in-order successo, 
of N. Then N is deleted from T by first deleting S(N) from T [by using cas. 
(i) and (ii)] and then replacing node N in T by the node S(N). 

The algorithm for case (i) and (i) is as follows — 

CASEA(INFO, LEFT, RIGHT, ROOT, LOC, PAR) 

This procedure deletes the node N at location LOC, where N does not have 
two children. The pointer PAR gives the location of the parent of N, or else PAR 
= NULL indicates that N is the root node, The pointer CHILD gives the location of 
the only child of N, or else CHILD = NULL indicates N has no children — 

(i) [Initializes CHILD] 
If LEFT[LOC] = NULL and RIGHT[LOC] = NULL then 
Set CHILD :=NULL : 
Else if LEFT[LOC] #NULL then 
:=RIGHT[LOC) re 


|e Rheee WY, 


NULL then 
LEFT[PAR] then 
CHILD 


) If PAR 

LOC 

Set LEFT[PAR] 
Else 

Set RIGHT[PAR] : 
{End of if structure] 
Else 

Set ROOT : = CHILD 
[End of if structure] 


CHILD 


rithm for case (iii) is as follows — 
As INFO, LEFT, RIGHT, ROOT, LOC, PAR) 
ris procedure will delete the node N at location LOC, where N has two 
pointer PAR gives the location of the parent of N, or else PAR 
nid gicates that N is the root node. The pointer SUC gives the location of 
successor of N, and PARSUC gives the location of the parent of 
ie der StCCeSSON — 
te (jy [Find SUC and PARSUC] 
(a) Set PTR : = RIGHT[LOC] and SAVE : = LOC 
(b) Repeat while LEFT[PTR] # NULL 
Set SAVE : = PTR and PTR : = LEFT[PTR] 
of loop] 
(c) Set SUC:=PTR and PARSUC : = SAVE 
(0) [Delete in-order successor, using procedure CASE1] 
Call CASEA(INFO, LEFT, RIGHT, ROOT, SUC, PARSUC) 
| (iii) [Replace node N by its in-order successor] 
(a) If PAR + NULL then 
If LOC = LEFT[PAR], then 
Set LEFT[PAR] : = SUC 


re 


Set RIGHT[PAR] : = SUC 
[End of if structure] 


set Root : = SUC 
[End of If structure] 
___ (b) Set LEFT[SUC] : = LEFT[LOC] and 

RIGHT[SUC] : = RIGHT[LOC] 
)) Return 
the procedure for insertion and deletion on binary search 
bad [R.GPV., Dec. 2007(1V-Sem)] 
on Binary Search Tree — The algorithm to insert a new 
ary search tree is as follows — 


BeMiodeyy) 


Teft(q) = null Troe 114 
Tight(q) = null (ii) Post-order Traversal (LRR') ~ If the root node is visited afi, 
info(q) = x its subtrees, it is called the post-order traversal 
/* Initialize the traversal pointers * Git) In-order Traversal (LR' R) ~ If the root node is visited in betyeen 
P = root it is called the in-order traversal 
. trail = null a example, consider the binary tree shown in fig. 3.4. In case of pre. 
/* Search for the insertion place * / versal, the root A, is visited first. Next we traverse the left subtree 
while P<> mull do gate piree iS again traversed using the preorder method. Therefore we visit 
begin his su ofthe subtree, containing B, and then traverse its left subtree. The left 
trail=p ie 0 is empty so its traversal is nothing. Next, 
if info(p) > x et the right subtree of B which has root (A) 
then p= left(p) ye (C. Then we traverse the left and right subtrees () 
else p = right(p) beled ing D and E as a result. Now, the traversing 
end . of the root A is complete, so we (c) 
/* To adjust the pointers */ of ote right subtree of A. The right subtree of A 
If trail = null r vet §° its traversal does nothing. Thus, the (©) (©) 
then root = q is jer traversal of the binary tree results in values Fig. 3.4 
if; age al cA pce jnorder traversal, we begin with the left subtree rooted at B of the 
else right(trail) = g ot ‘A. Before visiting the root of the left subtree, we must visit its left 
which is empty. Hence the root of the left subtree rooted at B, is 
Deletion on Binary Search Tree — Refer to Q.7. sadist Next the right subtree of this node is traversed in inorder. Again 
0.9. Write short note on tree traversals. its left subtree containing node D is visited then its root C and finally the 


‘ Or sf subtree of C containing node E is visited. After completing the left 
Discuss various tree traversal techniques. Give proper examples qj,, | pee of the root A, we must visit the root A and, then traverse its right 
Ans, Tree traversal is one of the most common operations on tree which 
structures. It is a way in which each node in the tree is visited exactly Once iy 
a systematic manner, : 
While traversing trees, once we start from the root, there are two way, | 
to go, either left or right. Ata given node, there are three things to do in son, 
order. To visit the node itself, to traverse its left subtree and to traverse jx 
right subtree. Depending on whether we traverse the node itself befor. 
traversing either subtree, between the subtrees or after traversing both subtrees, 
there are many traversal orders. If root, left subtree and right subtree are 
designated by R', L, R respectively, then the possible traversal orders can be 
R'LR, R'RL, LRR', LR'R, RLR’, RR'L y 
But conventionally, it is desirable to traverse the left subtree before the 
right subtree. Therefore, the three standard traversal orders are — 


visiting the node itself. Hence, we first traverse the left 
er yielding values DECB, and then we traverse the empty 
toot A and finally we visit the root which is always the last 
‘in postorder traversal. Thus, the complete postorder traversal 
ts in DECBA. 


e algorithm for various types of traversal. 
Or 
inorder, preorder and postorder tree traversal 
(R.GRV., Dec. 2013) 
algorithms for various traversal is as follows - 
Traversal — The recursive algorithm for pre-order 
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Pre_order{Node) 
(a) [Do through Step (c)] 
If Node # NULL 


Info[Node} 
(b) Cale order(Left_Child[Node}) 


(c) Call Pre - order{Right_Child{Node]) 
(d) Exit 
(ii) Post-order Traversal - The recursive algorithm fi, : 
traversal is as follows ~ ' 


(b) Call Post_order{Left_Child[Node]) 
Call Post_order{Right_Child[Node}) 
‘Output Info[Node] 

(c) Exit 


(ili) Inorder Traversal- The recursive algorithm for in-order Taveny 


is. as follows ~ 
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{e) If right subtree is not empty then set the pointer to rig! 
the pointer to left subtree 
ee 4 ()) Exit. 
(i) Inorder Traversal ~ The non-tecursive algorithm for inorder 
js as follows 
(a) If the tree is empty, then 
Message ; emply and return 
(b) Place the pointer to the root of the tree over the stack 
(c) Repeat step (d-e) while stack is not empty 
(d) Pop the top pointer of the stack and repeat while the pointer 
.. got equal to NULL. 
ale (e) If right subtree is not empty then set the pointer to right 
print the data, set the pointer to left subtree. 
bite (f) Exit. 
Postorder Traversal —The non-recursive algorithm for postorder 
P ersal iS 
¥ 


l 
ae 


as follows — 

(a) If the tree is empty, then 
message : empty and return. 
(b) Initialization of current pointer (let C) and top index is to be done. 
(c) Repeat through step (f) while true. 
Descent left, repeat, while C 4 NULL. 
(e) Process anode whose left and right subtree have been traversed. 
(f) Branch right and then mark node from which we branched. 

(g) Exit. 
Write an algorithm to search node in binary search tree, 

rithm to search node in binary search tree is as follows — 
(search (struct rec *tree, long, digit) steps from (ii) to (ix), 
== NULL) step (iii) 

number does not exist”); 

if (digit = = tree + num) step (v) 

(“%d”, digit); 
> if (digit < tree > num) step (vii) 
ley — left, digit); 
search (tree —> right, digit); 


we 

you search for a key in a binary search tree ? 
[R.GP.V., Dec. 2005(V-Sem)] 
isa binary search tree. T, search for the target, we first 
at the root of the tree. If it is not same, then we go to 
‘the root if the given key value is less than the key at 
eof the root if the given key is greater than the key at 
[ search in that sub-tree. If we find the key, then the 
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search succeeds. If not, then we continue searching until we find a, “ 
sub-tree. rD) Insert 65 ~ As 65 is greater than 42 so it must be inserted jn 

Toe h can search for a value in © pene root and further 65 is less than 74 so 65 will be inserted on the 
a binary search tree, we (log , a aie 
where n is the number of nodes in the tree. f of r Root 
The algorithm for searching in a binary tree is as follows 
= root (23) x" 
while (p <> null and info (p) <> x) do 0’ @ 
if info (p) >x Fie. 35 
then p = left (p) pass 2-944) _ : 
else p = right (p) wi) Insert 58 — As 58 is greater than 42, so it will be inserted in right 
ifp=null further as 58 is less than 74 so it will be go to left of 74 and also 58 is 


oie 7065 so it will be inserted to the =a of 65 i.e. 


Ie ssh Root 


© 3.5 () 
(vii) Insert 94 — As 94mis greater than 42 so it will be added to the 


of 74 in the right subtree of root i.e. 


a 2 
@) 
3.5 (b) 


Fig. 
(iii) Insert 74 — Since 74 is greater than 42, so it must be inserted as SS 
the right child of root i.e. a 3.5 (g) 
- (il) Insert 36 ~ — As 36 is less than 42, so it will be added to the right 


sul of root. 
So :% bs 
Wo 8 S , 


Fig. 3.5 (c) 
(iv) Insert II - Since 11 is less than 42 so it will be inserted in left 
subtree of root and further its lesser than 23 $0 it must be inserted left of 23 ic. 
. oa 3.5 (h) 
199 As 99 is greater than 42, so it will be inserted to the 
e right subtree of root. 


print (“x is not present in the tree”) 
else 


Teturn pointer p 
0.14. Create a binary search tree of the following data — 
42, 23, 74, Il, 65, 58, 94, 36, 99, 85 
Ans, Insert 42 — First of all we must initialize the tree, to create ap «, &m 
tree, we must initialize root to null. The first node will be inserted into teen 


a root as shown below — 
@—row 


Fig. 3.5 (a? 
(ii) Insert 23 - Since 23 is lesser than 42, it must be inserted as th, 
left child of root as shown below — 


righ 
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and there is a path from root to leaf in the left child sub-tree of length 
ye tas the longest path in the right child sub-tree is length n— 1. A balance 
ft 0 will indicate that the longest paths in the two child sub-trees are 
we atelance factor of 1 indicates that the right child possesses the longest 
pn 


(ss) (09) 


Fig. 3.5 (i) Q) 
(x) Insert 85— As 85 is greater than 42, so it win}, Q 
of 94 in the right subtree of root. Addeg oO 2 
. O . 
0' ©) 
(a) (b) 
rm 36 Balanced Binary Tree Fig. 3.7 Unbalanced Binary Trees 


fig. 3.6 shows a balanced binary tree with balance factor of each node. 

jna balanced tree each node must be in one of the three states |, 0) or 

ipthere exists & node in a tree where this is not true, then such a tree is said 
le unbalanced. Fig. 3.7 shows unbalanced binary trees. 


0.16. What is the difference between an AVL tree and a binary tree ? 


(R.GPY., Dec. 2016) 
“Ans. Refer to Q.15 and Q.3. 


(R.GP.V., Dec. 2016) 


example. (R.GPK, Dec. 2012, 


al 
/ e balancing is to be done. 
— (R.GPV., June 2014) 
ry ti which the differences jy 
e is not more than one for every 
Russian mathematicians, 
ore, the resulting binary 


ine and explain if the following binary tree is — (i) Heap 
balanced tree (iv) Complete binary tree (v) Full binary 


it is not necessary to 

ining at each nodes 

and right sub- 

or 0 depending pneither the largest element in T appears at the top of the 

than or equal to fF nor the smallest element in T appears at the top of the heap 
it the left child is a 
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(ii), BST-Consider the binary tree T in fig. 3.8. T is 9 hy, 

(iii) Height Balanced Tree ~ Consider the binary tree | ,,, 
not a height balanced tree, since the balance factor of node 60), 
ina balanced binary tree has a balance of }, ~ 1 or 0 depending o, : 
height of its left sub-tree is greater than, less than or equal to the j, 
Tight sub-tree. The binary T with all its balance factors 1s shown ,,. i 


+1 


(ii) Ifthe name is already in the tree then attach the new node t 
node to the existing tree, 
\ on else write item already present and exit 
Search for an unbalanced node. 
(wv jv) Adjust the balance factors, if there is no critical node, exit 
w) If the node was balanced and then becomes heavy or the node 
peas and then becomes balanced then adjust the balance factors and 
we 
al ‘(vi) Rebalance the tree and exit. 
the insertion, following three cases arises 
i) Ifthe tree is empty then the insertion is done just by appending 
penne as te root of the tree. In this case, the tree is height balanced. 

If the tree contains only one node which refers to the root node, 
thei is done by appending the node at the left of the root (if the 
se ue is less than the root) otherwise towards the right of the root. In this 
wy the tree is height balanced. 

Car f If the insertion is to be done at non-empty tree then special care 
n, so that after insertion, the height of new generated AVL tree 
Following caes arise in this type of insertion — 

4) When the new inserted node has increased the height of the 
eh root, this can be viewed in fig, 3.10. 


(A)-? Ow 


Fig. 3.9 
(iv) Complete Binary Tree — Consider the binary tree T in fig 3 
Tis not a complete binary tree. Since, ageomplete binary tree is a jj, 
tree pipcinpsiasineres - coal and right sub-trees pity, 
leaves are at the same Observe that all leaves are not at the a 


nsider the binary tree T in fig. 3.8, Tisng 

ry tree every non leaf node has non emp 
at node 60 and node 4 have no lef chij,. a 
‘i id when an insertion into he igh Pe 
_ (R.GPR.V., Dec. 2010, 2011) 


lin it by taking an examp 
ont. (R.GPV., June 2009 


new inserted node has increased the height of the 
b-tree of the root, this can be viewed in fig. 3.11. 
r when the new inserted node has increased the height 
ure the left sub-tree of the root this can be shown j in 
,, when the new inserted node has increased the height 
this can be viewed in fig. 3.13. 
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Fig. 3.11 Fig. 3.12 Unbalanced Fig. 3. 
- . eu "balay, Tree (b) After Insertion ——_(c) Rebalanced Subtree 


@ F Fig. 3.15 Rebalancing Rotation of Type RR 
(iii) LR Rotation — Fig. 3.16 shows an LR type of imbalance and the 
nding rotation that is undertaken to set right the imbalance. In this 
ott the node u on insertion finds A to be its closest ancestor node that is 
pene and with reference to node A is inserted in the right sub-tree of left 
ee of A. Therefore, this is an LR type of imbalance and needs LR rotation 
su ce the tree. Fig. 3.16 (a), (b) and (c) shows the AVL tree before 
a on of U, the unbalanced tree after insertion of u and the balanced tree 
afer He e LR rotation, respectively. 


We have seen that the insertion of a new node in an AVL tre 
unbalance it. The rebalancing of tree is carried to make it balance , “Oy 
essentially four different kind of rotations which are as follows ~ hy 


The rotations are characterized by the nearest ancestor “p” of the ins. 
node "Q” whose bf (balance factor) becomes + 2. may 


These are four kinds of rotations — 


(i) Lefi-Left (LL) Rotation — In this rotation, new node “(, 
inserted in the left sub-tree of the left sub-tree of “P”. Fig. 3.14 (a) shows 
balanced tree, after insertion of a node “Q” shown by the shaded ea ig 
fig, 3.14 (b), the resultant tree is unbalanced, so after making LL rotation the 
tree thus obtained is an AVL tree shown in fig. 3.14 (c). 


(+2) 


(4) 


LR 
Rotation 
ae 


(a) Balanced Tree (b) After Insertion _(c) Rebalanced Subire 
te eres ala 


” fig. 3.15 (b), the resultant t 
tree, thus obtained is an 
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(iv) RL Rotation - RL and LR rotations are symnyey, 
shows the RL rotation scheme. In this figure, node u finds itse|f ins b 
left sub-tree of right sub-tree of node A which is the closest ¢ ANeesio, Meg ‘ 
is unbalanced. It is noted that the RL rotation is the mirror ima,, Be ate \ 
rotation scheme. As in the LR rotation scheme, the rotation Procey 
is the same irrespective of u being inserted in C, or Cr, the lef, , 
right sub-tree of C respectively. 
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= The construction of an AVL tree for the data given belo 
jen 
prob 


pen May. November, August, April, January, December, July, F eby 


ti \ arch . September. 
“Ubsty gna Insert — May Insert ~ November 


Node u found inserted in the 
Jeft sub-tree of right sub-tree of A 


Fig. 3.17 Rebalancing Rotation of Type RL Insert - January Insert — December 


Example — Refer to Q.20. 
0.20. What is an AVL tree ? Discuss various types of rotations required 
to balance an unbalanced AVL tree. Construct an AVL tree of the followin, 
data - 
March, May, November, August, Apr , December, Julj, 
February, June, October, September. 
| (R.GPV., Feb. 201) 


Ans, AVL Tree — Refer to Q.15, >. 
Rotations a. Ace 


af lk 
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Insert — February 


ul. Discuss the deletion operation in an AVL tree. 


The deletion of node x from an AVL tree requires some basic ideas 
wwe used in insertion. In the deletion of a node three cases arise 
i" {i) Deletion of leaf node. 
{ii) Deletion of node that has one child. 
(iii) Deletion of node that has two children. 

We delete a node x, if x has at most one child, we delete x simply by 
joking the parent of x to the single child of x, or to the NULL if it has no child. 
ere the height of the sub-tree formerly rooted at x has been reduced by |. 
Now, we must trace the effects of this change on the height through all the 

X back to the root of the tree. A Boolean variable shorter 
if the height of the sub-tree is shortened. Depending on 
on the balance factor and sometimes on the balance factor 
node, the action is taken. 


e we delete a node that has two children. The immediate 
et y of x is found under the inorder traversal (or the immediate 
id be). It is done by taking the left child of x then moving the 
ras possible. It is guaranteed that node y has no right child 
was found. In the position of x, y is placed with the same 
nd right children and the balance factor that x had. And delete y 
tion by proceeding using y in place of x. 
ean variable shorter is TRUE. For each node p on the 
it of x to the root of tree, provided shorter remains TRUE, 
to be done. When shorter is FALSE then no changes 
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(i) Case 1 - The current node p has balance fact, 
balance factor of p is changed according to its left-or right sub.;,., 
shortened and the shorter becomes FALSE ha 


@)r —- ~ E)r 
i 


Fig. 3.19 (a) Height Unchanged 
(ii) Case 2—The balance factor of p is not equal and the tlle 


tree was shortened. Then change the balance factor of p to equal and y Pi. 
in 


as TRUE. 


Deleted PX! 


Fig. 3.19 (b) Height Reduced 

(iii) Case 3 — The balance factor of p is not equal and the shone 

was shortened. The requirement of height for AVL tree is violated at p, 50% 
apply the rotation to restore balance. Let q is the root of taller sub- -tree of 
There will be three other cases for the balance factor of q. 


“Fg 319 (0 Mig Unchanged 


(a) The balance factor of q is equal. A single rotation restors 
balance, ~ie ee shorter will t 
FALSE [see fig. 3.19 (c)). 


; _ (b) The balance factor of gis Same as that of p, apply le 
single rotati set the balance factor of p and q to equal and shorter will 


nt 
ew 


Fig. 3.19 (d) Height Reduced 


(c) The balance factors of p and q are opposite, apply the 
jon (first around q and then around p), set the balance factor of 


tat 
le to equal and other balance factors as appropriate and shorter will 


Fig. 3.19 (e) Some Cases of Deletion from AVL Tree 


Let us take an example of deletion of a node as follows — 


hi thw Fig. 3.20 


Now, if we want to delete . 
me y' © Pinte the following ste, 
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vi Tree= Refer to Q.15. 

wes 

: of AVL Tree — Refer to Q.19. 

__ The construction of an AVL tree for the data given below is as 


node p, there is adjusted balance fac, 
right around m. Thus the final result yiy 


uy 


No rebalancing required 
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fig. 3.25 (e). 


look as shown in 
g, the AVL tree will 
fer wn os 


(0 


‘ Fig. 3.23 
0.23. Insert 44, 47 and 48 into the following V1 ,, = 


Show the result of this insertion. Also compute the balan, (#2 
the nodes of the resulting AVL tree. © fa 
; () @) @) & 
~ o@fo ov * 
OO@O® 4 a 
Fig. 3.24 Fig. 3.25 


jin the AVL tree becomes unbalanced, so we balance it. Now 
oe the LR rotation on the sub-tree rooted at the youngest ancestor 50 
™ # fig 325 () The resulting tree is as shown in fig. 3.25 (f), 


on. ar data are to be inserted in an AVL tree in the 


a, 0, 40, 45, 60, 55, 57 

every time balancing is required. 
P (R.GP.V., June 2014) 
of AVL tree is as follows — 


— Insert 25- Insert 30 - 


Peiown i in fig. 3.25 (c) 


it. Now performing tt 
). The resulting 


Insert 110 - 


: te AL re forte flowing sof element 13, 5,1, 
2, 6, 7, 8 R.GBV., Dec. 2015) 
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Insert 98 - 

Insert 6 


Fig. 3.28 
rm) 7, The following data are to be inserted in an AVL tree in the following 


Cail 20, 30, 40, 50, 60, 57, 56, 55, 52 
show the tree every time balancing is required. 

(R.GP.V., June 2011) 
ol The construction of AVL tree is as follows - 


— Insert 30 — Insert 40 — Insert 50 - 
RR . 
RG) 
@) @) 
0 0 


pert 20 


= | 12 


Tree 137 


Insert 5/5 is 
already inserted] 


Aw Me 


Insert coed is 
Insert 30~ already inserted] — 


Insert 10 


0.28. Following nodes are inserted into empty tree in order — 


5, 16, 20, 40, 5, 10, 18, 30, 40, 12, 1 
eo 4 1% Fllosng nodes are insered into empty tree in order — 
i i 9, 18, 30, 45, 12, 3 
Ans, The construction of AVL tree is as follows — Aba” 8, 30, ada i012 
Insert5- Insert 16- Insert 20 — eran RAVE USS a 0 follows - 


nertS— Insert 10 - Insert 20— Insert 40 — 
« as 


Insert 607 


Insert 142 — 


s into an AVL tree. 342, 206, 444, 523, 607, 34 


Psa 183, nt ‘Illustrating problematic insertion, 
(RGPY, Dec. 2014 


Ans, Hlemncats 342. 206;068, 622.600, 301, 142, 183, 102, 157, 149, 
Insert 342 - essed Insert 444 — 


1 
ke 
eo  & 


lied oO é% 
_. 


1 AVL search tre by inserting the following eiey, 
order a 
“4 24, 18, 116, 92, 82, 48 RGPY, Noy, 5 
Za 7 
:, - ‘ss Insert 5 
= 


Tt 


of the tree is at level k or k+1 and if a node has 
+ 1 then that node also has a left descendent at 


es are arranged such that the content of each 
= contents of its father. Which means for each 
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This condition means that levels of the heap are 
a node is not placed on a new level until the preceding ley, 
binary trees of fig. 3.34 are heaps. 

Here, itshould be noted that the root of the heap contains the |, 
Also any path’from the root to a leaf is an ordered list 1n descend, 


0.33. How can we create heap ? Explain it. 
Ans. The keys that are unsorted taken sequentially one qj , 
added into a heap. The heap size grows with each key addition Whe m 


i) 


All 
llea 


os 
$6 e ©) 
(c) Size 3 (d) Size 4 
(b) Size 
(2) 0 sf Ole wai © 
key (k;) is added into the i- I size heap then i size heap is obtaingy. thet 3d © © O AO) OE CG) 4 09 


The node is placed in the i - 1 size heap in such a way thay 4, — 


complete condition is satisfied. Then the value of k; is compared with i, any im 90) 
key value. If k, is greater, then the contents of the new added node and ‘ 
node of that are exchanged. This process continues until either k; is at ,, aS = © 
or the parent's key value is not less than kj. Then final tree is the heap of “ 9) 0 © mo 

Consider, the heap is an array in which the relationships in the tree an, b (9) 09) Le (2)@9) C9) a (2) 0) 69 6) OMY 
represented physically by the link fields. That are implicit in the way y,, ‘y gy A 


them in the array. The root is stored in heap[1] and the last node j at 
[MAXNODES], where MAXNODES is the number of nodes in the heap, t (i) Size 9 


We may note that for any node heap(i], its two children reside jy , 60) 
{i*2] and heapfi * 2 + 1). If we want to know the parent of any node Ikky % 
can get it at nodefk div 2}. The algorithm for creating a heap of size jy S i) 
otiings by mainal ei 1(i= 1) can be written as follows - OS WOO 
OOOO 
(k) Size 1 


Fig. 3.35 Creating a Heap 
are the applications of trees ? (R.GPV., Dec. 2014, 2015) 
search tree is an appropriate data structure for searching a 
ns in which search time must be minimized. A binary tree 
:d for manipulation of arithmetic expressions. Another interesting 
es i the construction and maintenance of symbol tables. The 
Q fant role in the area of syntax analysis. Another interesting 
‘in playing of games as tic-tac-toe, chess, checkers etc. 


comparison of various types of tree. 

jon between various types of tree are as follows - 

a ‘Search Tree — BST is a binary tree with some properties 
d of the given node contains value less than equal to the 

nd child contains node greater than the given node. 
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(ii) AVL Tree — It is a type of the binary tree In y hy 
difference between left and right subtree may be at most I. If a, any Shy, 
differ by more than one, rebalancing is done to restore this propo, tty Ue 
deletion, insertion all take O (Jog n) time in both the average ang Wo, \ Noy ~ 
where n is the number of nodes in the tree prior to the operation's, (*s) a () $i (*) is) (1) 
(iii) Red-Black Tree — It is a type of the binary tree. }; is sin @ 6) @ 


AVL tree. It is a self balancing binary search tree. In this tree Nodes a, 
Fig. 3.37 Forest of Trees 


colored red or black. 

(iv) B-Trees — Each parent can have more than two Child », eral tree, or more generally a forest of trees can be converted into 
B-Trees. The concept of B-trees may be thought of as a computer fj Mate! binary tree. This conversion process is called the natural 
where parent nodes may have more than one child node. B tree sn ~ as efpondence between pie ose binary 7 pipe. this 
impro performance n in use. An im ny lence is a one-to-one relationship. The algorithm is as follows 
pene ha —— a feat, P soon e Insert edges connecting siblings from left to right at the same level. 

a % = » Delete all edges of a parent to its children except to its left most 


(v) Heap — Heap is a specialized data structure which Satistgg ving. 
criteria that the value of the parent node should be either greater than o, rege % offs? (iii) Rotate the resultant tree by 45° to mark clearly left and right subtrees 
to the value of child node or jess than the value of the child node. Likeay* bia) for example, the general tree of fig. 3.38 (a) results in fig. 3.38 (b) after 
tree, heaps can have no more than two child nodes. aoiing tes (i) and (ii) of the algorithm. Step (iii) results in the binary tree 

in fig. 3.38 (c). 


Soni 


0.37. What is forest ? Explain how forest is converted to tree. 
Ans, A forest is set of n 2 0 disjoint trees, where n represents number 
the meaning of a forest is close to a tree, becau: 
ae a a aa. = ae _ (a) General Tree (b) Initial eee of General 


(c) Binary Tree Corresponding to Fig. 3.38 (a) 
Fig. 3.38 


2 ‘If we remove Nj, we get a forest of three trees as shown in fig. 3.37 


jet a 


5° to mark clearly ivells and 


fo the forest 8 


» by 45 
resultant ~ corresponding t 


(b) Binary Tree Cy, a 
to Fig, 3 SD 
39 (a) " () 
Fig. 3.43 Binary Tree 
, Corresponding to Given Forest 
mean by multiway search tree ? Explain it, and also 
y search tree. 
y search tree of de; 


~e Fig. 3.39 
“This conversi algorithm can also be applied fo convert a fi 
Sata binary tree. In this case, we can consider the Tad OF gen 
gener re inte et te the ot of the binary tre nd the wat thee 
general ees can be considered sis siblings. For example, consider my 
shown in fig. 3.39 (a). Its corresponding binary tree is shown in fig. 330° one 
238 Wt an lori to convert forest into a binary tree y. ee 
_your procedure convert the following forest into a binary tree. * Using 


Se 6 oe 


gree n may be defined as the general 
each node’ contains at most n subtrees and has the 
‘one less than the number of subtrees, that it contains 
four subtrees, then it has three key values. 
has m eS L.€., $1, Sry 839-+--»Smr that having m ~ | key 
jin i r, all the key values in the 
an or equal to kj, all the key values in subtree 
in k;_; and less than or equal to k;, and all the key 
er than kj, )- Here, one or more subtrees may 
left subtree of k; and its roots the lefi child 
subtree and its root is the right child of k;_). 


en except to its left mos 
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The order (degree) of multiway search tree is 4 in fig. 3 44, 
four maximum number of subtrees and maximum number of \.. ©. ; 
Here, the nodes A, D and E are full nodes, and other nodes B, ©. j. wi h 
Tare not full, in this some has empty sub-trees. Gy 1! 

Here, node A has first sub-tree having key values 12 and 18. % 
less than first key value (20) of A. In second sub-tree of A, key, “hip. 
that is greater than first key value (20) and less than second key ve 4 
of A. In the third sub-tree of A, the key values are 54, 81, 85 and g ‘ 
between the second and third key values (44 and 97) of A. Last Suby, 
has the key values 99, 102, 105, 107, 110, 124 and 145 all are &n © oy 
the last key value (97) of A. Each of the sub-tree of any other ja. at ont 
key values between the two appropriate key values of that node nh th 
ancestors. ang 

Top-down multiway 
search tree is the tree, in 
which any non full node is 
a leaf. In fig. 3.45, tree is 
not top-down because here 
node G is non-full and it is 
not a leaf. Top-down 
multiway search is shown 
in fig. 3.45. 

In top-down, each semileaf must be either full or leaf, and semileaf is a 
with at least one empty subtree. If all the semileaf nodes of multiway (Mevay 
search tree are at same level, so it is balanced, i.e., all the semileaves are leaye 


0.40. What are the properties of multiway search tree ? Create a 5 way 
search tree of the following data — : 
50a, 35, MIS EM 2 18, 25, 51 16, 17, 95 Ee (95,96, 107 )s 
(R.GPV., Dec. 2014) : 
Ans. Properties of Multiway Search Tree — — An m-way search tree has 
two special properties — 
An m-way search tree has (m - 1) values per node and m subtrees. In p n 
fact, it is not necessary for node to contain exactly (m — 1) values and . 
have exactly m subtrees. eae subtree a = a = anywhere : Spe pensy Bee A node of the tree may have 
from | to (m— 1) values, and the number of (nonempty) subtrees can range 
from 0 to 1 + (the number of values), 


Creation of 5-way Search Tree Te creation of a 5-way search tree 
of the given data i 


50, 2226 107, 26, 12, 11, 92, 10, 25, 51, 16, 17, 95 is as follows - 


cept the root node) has the maximum of m children 
er the root node may have as few as two children 


Me OU Ue. So 
sy values than) 
(ii) Bach node has one fewer key valuc i 


not exceed m ~ |, 
(iii) The key values in a node are defined in some op, 


(nd), 0 that son(father (nd), index(nd)) equals nd A 
bY + pointer to the record associated with the key A/p, i) 


) is re ‘ : 
Aa y qon insert(ke y, rec, §, position) inserts a record into 
a call to find if the output parameter found of th 


y find 


values in the left sub-tree ofa key value are less than of that key \ 4) yr he jlowing 
key values in the right sub-tree of'a key value are greater than of «) ied fo the parameter s Has beer set to the node pointer retu ; 
(iv) All the leaf nodes @re on the same level. 1-¢., they, fhe ges two additional auxiliary routines, The first routine, split i 
ters— nd, a pointer to a node split; pos, the position in node(nd) 


ae and record are to be inserted; newkey and newrec, the Y nd 
fot A ing inserted; and newnode, a pointer to the subtree that contains the 
’ a than newkey, which must be inserted into the node currently 
es “ To maintain the proper number of sons within a node, each time 
wey key and record are inserted into a leaf, the son pointer inserted } 
pt new a key and record are inserted into one of the upper levels only 
ill pis splitat a lower level, the new son pointer to be inserted (newnode) 
wright half of the node that was split at the lower level. The left half 
vill be same within the previously allocated lower-level node. split arranges 
‘and the keys of node(nd) so that the group of n/2 smallest keys remain 
) the middle key and record are assigned to the output parameters 
io and midrec, and the remaining keys are inserted into a new node, node 
it ‘here nd2 is also an output parameter. 
it second routine, insnode, inserts the key newkey and the record newrec 
Toeperee pointed to by newnode into node(nd) at position pos if there is 
pt ne routine maketree (key, rec) creates a new node containing the 
oom key key and the record rec and all pointers null. maketree returns a 


singe the newly created node. 
ithm for insert using the routines split, insnode, and maketree is 


exist empty sub-tree above the level of leaf nodes 
(v) When a new key value is to be inserted in a full Ode, ; 
split into two nodes, and the key value with the median value is ing. : eh i 
parent node, If the parent node is the root node, then the new Poo} Vin i 
created. Nog, 
The reason for using this technique is, that it creates balanceg tre 
that the maximum number of nodes accessed to find any particular ke 9 § Ss, % 
small and another reason is that all nodes (except for the root) in a tree op, key 
by this technique are at least half full, so that very little storage space jg waa 
some terminology different in B-trees, Such as order and degree is diffe, leg 
defined by different authors. Say 
Order - Order of a B-tree defined as the minimum number Of keys 
nonroot node (that is (n-1)/2). “= 
Degree —Degree of a B-tree is the maximum number of sons (i.e, n) Sia 
other authors use “order” to mean the maximum number of keys in a node, 
0.42. Define B-tree of order m ? When is it preferred to use B-trees 
(RGR, June 24 
Ans. AB-tree of order m is anm-way search tree so it can be empty, irp. 
tree is non empty, then its extended tree representation will fullfill following 
characteristics — 
(i) All intemal nodes except the root node must have minimum (m2) 
non empty child nodes and maximum m non empty child nodes. 


newnode = null; /*pointer to right half of split node*/ 
newrec = Tec; /*the record to be inserted*/ 


i) Every extemal nodes should be at the same level. , e 
(iii) Internal node contains one less than key than its number of Snes /*the key to be inserted*/ 
f= father ; 


child nodes and these key devide the keys of the tree into subtree in a way 
while (f ! = null && numtree (nd) = = n) 


similar to which of m-way search trees. 
(iv) The root node must contain minimum two child nodes and : 

a Pam child nad split (nd, pos, newkey, newrec, newnode, nd2, mdkey, midrec); 

B-tree of order m, node structure and representation is same as an é . = nd2; 
m-way search tree. 2 pos = index (nd); 

af» = 
0.43. Discuss the algorithm us of a node into a B-tree, ¢ ae (nd); 
f (RGR. Vv, June 201!) 7 ~ newkey = midkey; 


Me 4 
Ans. Let us assume that we can access a pointer to the father of node(nd) | ao 
by referring to father(nd) and the of the pointer nd in node(father cS j 


WL UAE Semen 
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if (numtrees (nd) < n) 
anewkey is the middle key*/ 


y(nd, ndiv2, n-2, nd2); 
sintrees (nd) = ndiv2 + 1; 
eon (nd2 0) = newnode; 


money newkey; 


insnode (nd, pos, newkey, newrec, newnode), 
return; 


split (nd, pos, newkey, newrec, newnode, nd2, midkey, + Midrg. 
tree = maketree (midkey, midrec): 


son (tree, 0) = nd; mires “newrec; 
son (tree, 1) = nd 2; return: 
The following is an algorithm for sp/it. The n keys containgg ; 
and newkey must be distributed so that the smallest 7/2 remain . "Oder he | 0s <ndiv2) 
! 


the highest (n — /)/2 are placed in a new node, node(nd2), ang theeend 
key is plaed in midkey. To avoid recomputing n/2 on each OCCasign, "ig 
that its value has been assigned to the global variable ndiv2. The jp, Pa 
pos is the position in mode (nd) in which newkey would be Placed ‘ty 
were room. The 
split uses an auxiliary routine copy(nd!, first, last, nd2), whi ich « 

local variable numkeys to last — first + J and copies fields k(n, Sey 
through k(ndl, last) into k(nd2, 0) through k(nd2, numkeys), fielg, ial 
first) through r{ndl, last) into r(nd2, 0) through r(nd2, numkeys), ang fe 
son (ndl, first) through son (ndI, last + 1) into son (nd2, 0) throug, » 
(nd2, numkeys + 1). copy also sets numtrees (nd2) to numtrees + | \¢ le 
< first, copy sets ftumtrees (nd2) to 1 but does not change any k, ;, Ot ty 
fields. split also uses getnode to create a new node and insnode to inseny 


 jenewkey belongs to node (nd)*/ 

copy (nd, ndiv2, n-2, nd2); 

numtrees(nd) = ndiv2; 

jnsnode (nd, pos, newkey, newrec, newnode); 

midkey = k (nd, ndiv2 — 1); 

midrec = r(nd, ndiv2 — 1); 

return; 
} routine insnode (nd, pos, newkey, newrec, newnode) inserts a new 
od with key newkey into position pos of a nonnull node, node(nd). 
rode points to a subtree to be inserted to the right of the new record, The 

keys and subtrees in positions pos or greater are moved up one 


pi! plone ae ae right half, and keep*/ Se eat numtrees (nd) is increased by 1. An algorithm for insnode 

/* the first half in node (nd)*/ ‘4 : 
nd2 = getnode( mms 1; i> = pos + 1; i --) 
if (pos > ndiv2) Pais t+ 1 - son (nd, i); 
{ k(nd, i) = k(nd, i— 1) 

/*newkey belongs to node (nd2)*/ x(nd, i) = r(nd, i — 1); 

copy (nd, ndiv2 + 1,n~ 2, nd2); 

insnode (nd2, pos - ndiv2 — 1, newkey, newrec, newnode); Lees. 1) = newnode; 

numtrees (nd) = ndiv2 + 1; k(nd, pos) = newkey; 

midkey = k (nd, ndiv2); (nd, pos) = newrec; 

midrec = r(nd, ndiv2); numtrees (nd) + = 1; 

return; Bey ay i Write an algorithm to search a key in a B-tr: e, What is the worst 
} fa @ B-tree ? List the possible situations that can occur 
if (pos = = ndiv2) ¢ . t ‘in a B-tree. (R.GRY., June 2016) 
{ fe Mo, 


the running wie vs ici Operation depends of 
tree B-tree search is O(tlog, n). the hey 
hy 


Possible Situations that can Occur while Inserting a Key i, 
There are several possible situations which ean occur yy, le ma mS 
Sin, 


key in a B-tree are as follows — 
(i) If the node is not full prior to the insertion no Spee, 


required. 
(ii) Ifthe node is full, the node must be break to pro, ide 


new key, 
(iii) One key can become parent node while breaking the p 
0.45. Explain the insertion and deletion operations Sor p. 
suitable example. = 
Ans. Insertion Operation — The method of insertion is as folly 
search is made to sec if the new key is in the tree. This search (if th, * Big 
new) will terminate in failure at a leaf. The new key is then added ; vias 
node. Ifthe node was not previously full, then the insertion is finishe, © the K 
key isaded toa fll node, then the node splits into two nodes on the san. * Whe 
and the median key is sent up into the parent node. leg 
This process can be shown as an example such as the grows, ae 
the 


B-tree of order 5 in fig. 3.47. We will insert the keys 
Poeeedeehem j e Sj 


Fig. 3.47 Growth of a B-tree 
peletion Operation — When we perform deletion operation, the key 
be deleted is first searched for. 
alve 10 
jfthe key value i is in leaf node, deletion is simple, i.e., deletion is direct by 


a 
XQ ie fe 8p a 
into an initially empty tree, in the order given. ging that key ue. 
ifthe Key value i is not in leaf node, then it is replaced by its successor or 
i.e., a key value with next higher or lower value. The successor 


The first four keys a, g, f, b will be inserted into one node as show, nj 
fig. 3.47 (a). The insertion of fifth key, k, causes the node to split intg th, 


and the key, f, m to enter a new node, which is a new re 
Now, the next three keys e inserted as shown in fig. 347 
j, agai anode, and this time it is j itself that is the meg; 
lan 
) rate aa pe Toot. 
; The final insertion, that ofp 
n g the median key m upwarg 


is, however, already full. Hence this 


‘key value not at the lowest level will always be in a leaf node. Thus, the 
‘all cases involves removing a key value from a leaf node. 

ting a key value, the new node size is not below the minimum, 

over, and if the new node size lower than the minimum, an 


adjacent siblings have more than minimum number of key 
ion is carried out. For redistribution, the key values of the 
than minimum key values, and the separating key values from 
e collected. The median key value from this collection is written 
left and right halves are written back to the two siblings. 
e with less than minimum number of keys has no adjacent 
minimally full, concatenation is used. Here, merging 
cent sibling and separating record from its parent is 
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Let us consider on fig. 3.48. 


ae Sgt | 
sa 


es 


Suppose, we want to delete the key val it i 
shown in fig. 3.49. pes itis a 5; 


[iz 13 13] [2s 30] 


pee — 
ea ESEDEHES 
() 
J [oo 18 31] 


Mle 
ie ele 
i 

”, 


HEMND GESIEDER 


Fig. 3.49 


Again, ifwe want delete 18, which is not in a leaf node, so its , 
moved up and 18 is moved down and deleted (fig. 3.50). cg () 
Be [e918 31] 
aay Cs) Gis} Bs) 
@ 
Fig. 3.51 
¢ of order 5 for the list of elements. 
, 14, 12, 19, 24, 18, 15, 5, 16, 20, 21 
(R.GP.V., Nov. 2018) 
2.46. Construct a B-tree of order 5 using the following data ~ [6 | 
Seite 
ae 12, 30, 15, 18, 25, 13, 4,6, 8, Il, 32, 35, FI, 33, 34 13 
ae EE ae OD 
() 


Ans, The entire process of creating a B-tree for the given data items 
pown below — ; as 


Gn Ai 
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prthe B*-tree all the leaf nodes are connected to form a linked list of the 
in the sequential order. The B’-tree contains two part 
i Index part (ii) Sequence set 
nde part is the interior nodes and the sequence set is the leaf nodes. In fig 
s,he nodes A through Tare the index part and the nodes J through Y 
1 eset. In B-tree, the key value can be accessed directly and seq 
pparee can be used to build the index as a tree of key values. It can als: 
sequential access to the key values it has as the tree can be traversed 
Pe in in-order, When we traverse B-tree in-order, large memory is 
ais pointers through the path, Here, we use variation on B- 
eis, B'trce that contains a new set of pointers. In this, leaf nodes are 
ote in sequential order. 
‘the insertion of new key value in the B*-tree is similar to the insertion in 
ce Here, additionally new node must be inserted in the linked list of sequence 


pe deletion of a key value from B*-tree is easier than B-tree, since the 

eye is always deleted from a leaf node. For deleting key value from a leaf 
itis not needed to delete that key value from the index of the tree as it can 

1 ect search to appropriate leaf nodes. 

0.49 Write the differences between B-tree and B*-tree. 

Ans. The differences between B-tree and B*-tree are as follows — 


ntially 


Ans. The technique for implementing indexed sequentia 
use the variation on the basic called B™ tree. See fig. 3.53. 


i OrBANizatio, 
is 


the leaves have not |In B*-tree all the leaves have been 
to form a linked |connected to form a linked list of the 


B-tree, while also allowing rapid 
sequential access, 
In the B*-tree, all keys are maintained 
in leaves. 


node is split, the middle key is retained 
in the left half-node as well as being 
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0.50. What is B* tree ? Compare it with B-tree. Inver, ,, 
entries into an initially empty B-tree of order S 
GEL MA RLS MAL mt wh 
(R.GPK., June 2009 


r wing nodes are inserted into empty tree in order 
$, 16, 22, 45, 2, 10, 18, 30, 50, 12,1 
(i) Binary search tree (ii) AVL tree. 


rt sh 


ate 


Fh Construction of Binary Search Tree 


> 
(22) 


(R.GPMV.,, Dec. 2010, 2011, 2014) 
Ans, B* Tree - Refer Q.48. 
Compare B*-tree with B-tree - Refer 0.49 


The insertion of given keys in B-tree of order 5 is as folloy. 


Insert - a Insert - g Insert - f Insery 
0 cali a 
(o) 
Insert - k Insert - c, h, n Insert - j él ()ITEM=16  (c)ITEM=22 (d) ITEM= 45 
a ; 
BY OE BSE 5 N S A OF 
(e) 7) () O O UO 
Insert - x (10) (22) (0) (22) OW) 
(45) (8) (45) 


ime =?2 QITEM=10 (g) ITEM=18  (h) ITEM = 30 


(s) (5) 

@) £9 2) fio) 

Y @® QM BQ 

OW ClOMS 
Go) @) @) @ 


( ITEM = 12 (k) ITEM =1 


Fig. 3.55 


short note on BYtree. 


Insert 5— Insert 16 — 


ry another type of B-tree is B*-tree. If a node becomes ful 

pf jog and the middle element is become parent node 

an ttn the node in B*-trees the data ure redistributed among 

1 node. Splitting occurs only when all the siblings are full. Th 
of ion ofa new node. In addition, each node has two-third of t 
ne 

‘ 


wet 


entries: 


non 
po Do 


j » Inserting 70 in B-tree (b) After Inserting 70 in B-tree 


nor 


and worst case search time is 


We shall regard these NULL’s as being pointers to 
|of the binary search tree and the normal, key bearing 
nodes of the tree. The number of black nodes on a path 

m as the black-height of a tree. Each non NULL node 
‘black-height. NULL’s have black-height 0. An example of 
own in fig. 3.58. 
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remain the same. 


felts in? proces in red black tree. 
inser by which we push or insert an element into 4 
is oP red black tree can be inserted into O(log; 9) on 
n k then element inserted into root label and its !¢* 
js blan NULL. When a red black tree is not empty the? 
ain point, and add the node to the tree. A ne’ 
RL NULL node at the bottom of the tree, and has (w° 
ier A NULL node is simply a pointer to a common 
: black. The new node is colored red after insertion. 
thatiSC°” ined to determine whether the red black properties 
pode node 5 property (iii) may be violated which states that both 
Ped or not 


va! 


Fig. 3.58 A Red Black Tree with Black Nodes Shaded and Reg Noe 
0.54. Write the properties of red black tree. 7 
Ans. A red black tree is balanced binary search tree with the foil 

Properties ~ 

(i) Every node is colored either red or black. 

(ii) Every leaf is a NULL node, and is colored black. 
(iii) If a node is red, then both its children are black. 
(iv) Every simple path from a node to a descendant leaf COntaing 


i e de 
be black. Although both children of the new no 
ed consider the case where the parent of the new 
oo (they oh ared node under a a would violate this property 

i fig. 3.60) — 
‘ete to consider (see 
‘en 


p 


same number of black nodes. (2) 
(v) A red black tree with n internal nodes has height at Most 2 
(n +1). \ (15) 
0.55. How will you rotate the red black tree ? 
(s) (@) 


Ans, The search tree operations insert and delete on a red black tree wig 
keys take O(log n) time, Because they modify the tree, the result may vio, 
the red black properties, To satisfy the tree properties, we must change 
colors of some of the nodes in the tree and also change the pointer struc 


©) 


Red Black Tree | 
have been Removed Fig. 3.61 


ent, Red Uncle — A red red violation is shown in fig. 
ily inserted node, with both parent and uncle colored 
removes the red red violation as shown in fig. 3.62. 


It makes Y the new root of the subtree, with X as Y’s left child and Y's 
child as X’s right child. When we 


hio a ticht lepton soda ——— y, the grandparent (node 7) must be checked for validity, as 
assume that its left child X isnon “ - ey ee ‘be red . Note that this has the effect of propagating a red node 
null. The right rotation “pivots” %, tion, the root of the tree is marked black. If it was 
around the link from Y to X. It ea . a 4 ‘has the effect of increasing the black-height of the 


root of the sub- 


¢ 


aoe peletioh w 4, Wher F a 
lack SE ube bak 

il is marke ; 

ouble black to single black. Following 
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(ii) Red Parent, Black Uncle 
where the uncle is colored black. Here the nodes may be rotated... 
adjusted as shown in fig. 3.63 and 3.64. At this point the algorithn, , 
as there are no red red conflicts and the top of the subtree is Colones Y teh 

hg 


Fig. 3.62 shows 


On ary search tree delet, When we perform 
dard i search tree, we always end up deleting # 
ig one child (For an internal node, we copy 
3 | delete for successor, successor !S 
with one child). So we only need to handle cases 
id, Let be the node to be deleted and u be 

is NULL when v is a leaf and color of 


ursivel¥ cal 


Change the Colors v Ss we mark the replaced child is black (No 
Fig. 3.62 the of Fig. 3.63 p a wo that both uand v cannot be red pis tapacarof 
en P iB Ss are not allowed in red black tree. 


Each adjustment made while inserting a node causes US to tray! , 
tree one step. At most | rotation (2 rotation if the node is a right chil) wing 


done, as the algorithm terminates in this case. 


arg 
Mee 


1 to single black. Note that if v is leaf, then u is NULL and 
considered as black. So the deletion of a black leaf also 


Fig. 3.64 Change the Colors of 
Nodes 7 and 11 

Q.57. Explain deletion process in red black tree, 

Ans. Deletion is a process where one or more node of red black tree removed 


¢ 10 black sTDImg »~ J 
two sunca 
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(1) If sibling s is black and at least one of Siblin, 

is red, perform rotation. Let the red child of s be r. This can be q,, 
subcases depending upon position of s and r. 


(A) Right Right Case — s is nght child of its 
r is right child of s or both children of s are red Pate, 


be divided in 


Ch 
Mog. "by 
~~ 


We lef 


Fig. 3.71 
(B) Left Case — s is left child of its parent. This is mirror 


ra (© If wis root, make it single black and return (black- 
aoomplete tree reduces by 1). 
— Construct a B-tree of order 3 by inserting the following keys in 
into an empty B-tree — M, O, A, M, P, W, X, T, G E, ¥- 
peor 
(R.GP.V., June 2015) 


{B) Left Left Case - s is left child of its Parent ang ri 
left child of s or both children of s are red. This is mirror of right right cal 


(©) Right Left Case — s is right child of its parent ang, 
‘creation of B-tree of order 3 of the given data M, Q, A, M, P, 


is left child of s. 
{D) Left Right Case — s is left child of its parent and rg Sey in gs follows — 
right child. This is mirror of right left case. W 
ae ; F Insert -A Insert — M, P Insert —W 
(2)|fsibling is black and its both children are black, perfor, 
recoloring and recur for the parent if parent is black. 


In this case, if parent was 
can simple make it black (1 di single black). 


= 


Insert) 


GRAPHS 


Fig. 3.72 
0.58. Create B-Tree of order 5 from the following lists of dang i, ICTION, CLASSIFICATION OF GRAPH ~ DIRECTED 
20, 30, 40, 10, 5, 40, $0, 60, SS, 65. RGR, Dec, 1) [DIRECTED GRAPHS, ETC., REPRESENTATION 


. f} 
dns. The creation of a Sway search tee of the given data 20, 39,45” 


5, 40, 50, 60, 55, 65 is as follows - Ip, 
Insert -5 Insert — 40, 50, 60, §5 


30, 40, 10 ©. >. 
és - SS 


() 
Insert - 65 


0 J. Define sie oe igel graph, directed graph, complete graph 
graph, mu tigraph. 

Fncmh- A graph G = (V, E) consists of a ; wae 
ajotjentsV = {Vj, Vo, ++} Called vertices or nodes, , 0) 
F set E= {€}, ©, ...}, whose elements are ¢s . 
Aeigecr arses ¢, is identified ; 
“panuordered pair (V;, ¥;) of vertices. The vertices Ya 6% ON 

associated with edge ¢, are called the end vertices Fig. 4.1 Graph with Five 
‘i Fig. 4.1 shows a graph. Vertices and Seven Edges 

‘An edge having the same vertex as both its end vertices is called a self- 
loop). Edge e; in fig. 4.1 is a self loop. Also, if more than one edge 


ra 
on with a given pair vertices are referred to as parallel edges, Edges 


es in fig. 4.1 are parallel edges. 
~ Agraph that has neither self-loops nor parallel edges is called a simple graph. 
_ Undirected Graph — A graph is called an undirected graph when the 
ses of a graph are unordered pairs. By unordered pair of edges we mean 
that the order in which the ‘y;’, ‘v,’ occur in the pair of vertices (¥,, v;) is 
A ial for describing the edge. Thus the pair 
(ip y) and (Vj, ¥i) both represent the same edge 
itconnect the vertices vj and v;. Fig. 4.2 shows 
snundirected graph. 


"Set of vertices V= {v,,¥2,¥3-Va} 
; et of edges E= {e1,€9,¢33¢4} 


n this graph, pairs (Vv), V2) and (V2, V;) 
esent the same edge. Fig. 4.2 Undirected Graph 
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Directed Graph — A graph in which every edge is Wenn, 
pair of vertices the. the graph is said to be a directed graph |; 
to as digraph 

In this graph, there exists some mapping. that 
maps each edge of a graph onto same ordered pair of 
vertices (¥,, ¥) The first element of an ordered pair, 
of the Vertices is referred to as the start vertex and 
the second element is known as the end-vertex. Fig 
4.3 shows the directed graph. 

Vertex pair (vj, ¥,) reads as v,—vjanedgeis ‘8 
directed from ¥, to v,. Fig. 4.3 Direct, d¢ 

Complete Graph - ~Asimple graph in which there exists an edo, bey 
every pairof vertices is called a complete graph. It is also known as uni, Wey 
graph or & clique. Fig. 4.4 shows complete graphs of two, three, fous ie 


pofine weakly connected graph. 
(R.GPV., Dec. 2015) 
Adigraph tan be weakly connected if you 
each difected edge with an undirected 
obtain a Connected graph in which ther 

connects each pair of vertices in both J 
) Note that certain vertices may be pal or Nahar 
" only because of the conversion to 
“ied that’s why the graph is considered 
what are the isolated vertex, pendent vertex and null graph ? 
of jes Weolated Vertex — A vertex having no incident edge is 4 
yertex. It means that isolated vertices are vertices with ze: 


As shows the isolated vertices. 


‘2 


gt 
ag 


undirected ¢ a 
Fig. 4.7 


” (a) Two Vertices (b) Three Vertices (c) Four Vertices (d) Five Vertic., 
Fig. 4.4 


Connected Graph —A graph G is said to be connected if there jis 2: Ast] 
one path between every pair of vertices in G. Otherwise, Gis disconnes,, 5 
Fig 45 showy » commented et. aw j 1 


Fig. 4.8 
5 48 (a), Ve and v; are isolated vertices and in fig. 4.8 (b), v3, Vg. V> 
pendent Vertex — A vertex of degree one is called 


ee D 


vertex or an end vertex. a 
Fig. 4.5 Pisce Fig. 4.6 Multigraph In fig. 4.8 (a) vertex vs is a pendent vertex. ne “we “se 
Multigraph ~ A graph which contains pair of nodes joined by more than Null Graph — A graph without any edge is called ne 
i multigraph called Hel edges. Fi other words, every vertex i 1 5 
ppp aoe = < ——_ Peete nis Fig. 4.9 NULL Graph 
Q.2. What do you mean *RGRY, June 2014 / null of six isolated vertices is shown in fig. 4.9. 
Ans. Refer to Q.1. 6, Explain the terms adjacency, degree and incidence. 
0.3. Write the procedure determines whether or not G is an WO Vertices are said to be adjacent if they are connected by an \ 
undirected graph. i (R.GRY., June 2015) 
Ans. Refer to Q.1. & = (vj Yj) 


Pa 
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Suppose “e,” be an edge that connects the vertices v, any 
vertices vj and v, are called adjacent vertices andl o 18 said to hy 5 
vertices v, and v;, Fig. 4.10 represents adjacent vertices viv, 
v3vq and incident edges ¢), @. 3, @4 respectively. , 

Two edges which are notparallel are said to be adjacent if they an 
‘on a common vertex. In 

The number of edges incident on a vertex v, is 
called the degree d(v,) of vertex v,. Self loop on a 
given vertex is counted twice. Now, we show the 


degree of fig 4.11. 


Mowing terms ~ 
me? (ii) Paths 
(iv) Weighted graph 


iT} 


Ci “ny 


walks — A finite alternating sequence of vertices and edges 

(7s, vending with vertices, such that each edge is incident with the 

ging and following it is known as a walk. In a walk no edge is 

than once. 

f’ Begg two types of walk - 

ne? (a) Open Walk —Open walk means the trina 
é 


¢ of vertex v; is d(v,) = 
‘of vertex v» is d(vg) = 2 (b) Closed Walk — Closed walk means the e, 
‘of vertex v; is d(v3) = 3 distinct and hence it is called closed walk. 
Degree of vertex vg is d(vg) = 3 this walk. 
dao ll walk: (Vs@a¥2esY107¥1€193) 
with “e" edges and "n” vertices Vj, Vp-p walk (¥125%2°,YS%6"1) Fig. 4.13 


Sowehave 


—A path is a sequence of vertices, each adjacent to next. 
path vjesvregvse,. 


er of edges in a path is called the length of a path. Fig. 4.13 
Jength = 3. Note that self loop is not included in path. 


1 it—A circuit is a closed walk in which no vertex, other 


Biiian ance, is 
s.Acircuit (a) 0 
ester 


Fig. 4.1 


d(v,) + d(vs)=5+2+3+3+) =14 
I to 7. 
‘not only incident on a vertex byt j, aly 


that are incident out of g Verte 


Sprs 


(©) 
Fig. 4.14 Different Circuits 


it — A graph “G” in which edges are assigned 
aph can be represented by a 3-tuple G = (V, E, W) 


n-empty set of weights assigned to the edges in a given 
edges, ? 
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In weighted graph, cach weight in a graph © 
denotes distance between the vertices connected | 
by the corresponding edges, A weighted graph 
is shown in fig. 4.15. 

In this graph, edges represent the distance 
in kilometers between pair of bus stops. 

(v) Subgraphs — A graph G'=(V', 

E’)is a subgraph of graph G = (V, E) if V' is (©) 
a subset of “V” and E’ isa subset of E. 

Thus for G’ to be a subgraph of G all 
the vertices and edges of G' should be in 
“G”, Two different subgraphs of graph fig. 4 £ 
4,15 are shown in fig. 4.16. Fig. 4.15 Weighted Grap, 


*e 


(@ 
Fig. 4.16 Subgraphs 
ad Ff + 
02.8. Define graph. Explain three commonly used graph representation, 
methods with example. (R.GRY, Dec. 2014) 


Ans. Graph - Refer to Q.1. 
There are three major approaches to represent graphs — adjacency matrix 
representation, adjacency list representation and multi-list representation. 

(i) Adjacency Matrix Representation — Consider a graph G with 
set of vertices V(G) and set of edges E(G). If there are N nodes in V(G), for 
N> = 1, the graph G may be represented by an adjacency matrix which isa 
table with N rows and N columns where = 


1 if and , i 
ai { —— 
If there is an edge in E(G), the value in the {i, j 


position in the table is 1, 
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Each node of the linked list has three fields one is the Nod 
second is a link to the next . 
field and the third is an 
optional weight field 
which contains the 


ency list representation 


wl 


weight of the edges. 4 s 
of F mee a oo (a) Undirected Graph (b) Sample Nod. 
requires N entries in the — EN 
directory and 2 * E u 
linked list entries whereas 2 Lisl 4t-GN 
a directed graph will 3 21-1 4-GIF+-N 
require Nientries in the 4 EN 
directory and E linked list 5 
entries. Now fig. 4.23 6 BN 
represents the node (c) Node Directory Representati 
: ry Representation 
directory of fig 4.22. | Fig. 4.25 
Similarly, we repre- ulticlist R 4 ee oe 
sent the weighted graph (iii) Multi-list epresentation— A multi-list representation of graphs 
as its node directory consists of two parts —a directory of node information and a set of linked lists 
representation, Now we eat fedge information. The node directory contains one entry for each node of 
show thedirectory repre- Fig. 4.23 Node Directory Representation ihe graph. The entry for node i in the directory points to a linked adjacency list 
sentation of weighted — 3 of Fig. 4.22 jor node i, The sample node used for each entry is shown in fig. 4.26 (a). 
graph in fig, 4.24. % A multi-list representation for the graph of fig. 4.26 (b) is given in 


(c). This representation is based on the set of edges {(A, B), (B, B), 
C), (C, E), (C, F)}. If we use another set of edges for the same 
{(B, A), (B, B), (B, C), (C, D), (E, C), (C, F)} then we get another 
representation for the same graph as shown in fig. 4.26°(d). This is 
le because the given graph is an undirected-graph. However, a directed 
graph does not allow such flexibility in selecting identifiers for edges. Each 

scord of the linked list area appears on two adjacency lists, one for the node 


2 [3] 7-4) 
472] t-iN 


at each end of the represented edge. The sample node may be modified to 
contain the weight of an edge in case of weighted graph. 
| B 


) Sample Node for Edge (v,¥;) 


(b) Undirected Graph 
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matrix can be calculated from matrix 


; path ij) is non-zero and P,; = 0, otherwise, ; 
B mit tells us about presence or absence of 
C Nip onl petween a pair of nodes and also about 
D : tO con existence of a cycle at any node. 
4 ysabout the number of paths between 
F 


oma graph of fig. 4.27. We find the 
matrix of this graph. 


(@) Another Multi-list Represen, 


Fig. 4.26 "ation find outthe adjaceney matrix of this graph. 
0.9. Explain sequential representations of graphs. > ce Fig. 4.27 
' GPK, Dee, ay, afo 1 0 0 
Ans: Thee are several methods of sequential representation are as gy,” OC 
(i) Adjacency Matrix — Refer to Q.8 (i). q C0, > Oo 1 
(ii) Path Matrix — Reachability matrix or path matrix Bives th apo" 1 0 
knowledge of path from one vertex to another. An entry of 1, in the jt ,,* : 
and j® column of adjacency matrix of a graph shows that there exists ano! eT 4 hs 
(vj,¥)) that means, there exists a path of length 1 from v; to vj. Now we der, ; ee Te 
the element of A? as Meee 1} 22) 4/32 33 
a on i eae 5 0 m0 1 0 1 2021 
= Yadifik} adil] 4 B021 i212 
~ isl rp: 
=A+ 24A3+A4 
K] and adjfk][j] equals 1 which meang 4s 
implies that there is a path from y 4344 


oni aj) of A? gives us the number of 
) we can say that in general a(n) 
f paths of length n from V; toy; 
of paths of length q from y; to v; from 
these matrices as 


wad 


m4 7 7 


g from any node, we can reach to any other node. 

ciden - Matrix Representation — Assume a G be a graph with 
ces. Define an v x e matrix M = {mjj], in which rows 
; and columns represent edges. If the j'" edge ¢; is incident 
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on the it” vertex vy, than m, value is I else m,, value is 0, Matny \4 
“¢ 


incidence matrix representation of the graph G 


& lies Take 

(i) (*2) ma) 8 oO 0) 
mam ot bo o| 

% ss M=%s/1 0 0 1 4 | 


v 
er tt | 


Oo pe oo | 


(a) Graph G (b) Incidence Matrix FG 
Fig. 4.28 


(iv) Circuit Matrix Representation — Assume a graph G bea 


e edges and t number of different eaeuits, Hence the cirey; Ph, 
f the j edge is used by jth cine 4 

C= [Cj] of graph (G) is at x e matrix. 1 j yj 

G = else; =0. Matrix C is called a circuit matrix representation ofthe 


% 2 &3 % & &% Cy 


0 
0 
1 
1 
0 


Senous 


1 1 
1 0 
0 0 
1 0 
0 1 
1 1 


1 


Circuit 1 — {e1, €2, €3, e7, ¢¢} 
Circuit 2 — {e;, €, €3, e4} 
Circuit 3 — fe}, €3, es} 
Circuit 4 — {es, €3, €g} 
( Circuit 5 {e4, €7, e6} 
- Circuit 6 — {e5, €3, €7, &¢} 
(b) Circuit Matrix of G 


Fig. 4.29 


ertices and e edges. Define v x e matrix $ = [sj] in mich TOWS represent 
: ar li edges of the s-Is) the i cut set re 


je clit "coo 1 es tr ae 0. Matrix S is called the cy 


sets and 


Set max repesenition ofthe 


Map, 


eye 


a 


Graph 

at do you understand about graph ? How the graphs are 
in the memory ? (R.GPY., June 2016) 
Refer to Q. | and Q.8. 


ps 
A 1p. Discuss the representation of graph in computer. 
(R.GRV,, Dec, 2015) 


gt 


Refer 10 Q8. 

, Define the following with the help of example — 
ol. (i Adjacency matrix of a graph 

i) In-degree and out-degree of a graph 

(iii) Directed acyclic graph (DAG) 


(R.GPV., June 2016) 

@ Adjacency Matrix of a Graph — Refer to Q.8. 

(i) In-degree and Out-degree of a Graph — Refer to 0.6. 

(iti) Directed Acyclic Graph (DAG) - A path from node to itself is 

gs cycle. If graph has cycle it is called cyclic, else it is called acyclic. 

yn as short form of direct acyclic graph. Graph G is a dag. Since G does 
wo contain @ cycle, there must be at least one node in G which has no 

. To watch this suppose that each node in the graph contains 

a In particular, select a node z which contains a predecessor y. y 

ete wal to zor the graph would have a cycle from z to itself, Hence each 


eq 
ne, predecessor, y must also have a predecessor x which is not equal to 


oa (ii) Acyelic graph 
(iii) Degree of a graph —_—_(iv) Path and circuit 
(R.GPY, Dec. 2013) 


‘Ans. (i) Edge and Vertices — Refer to Q.1. 
(ii) Acyclic Graph — Refer to Q.12 (iii), 
(iii) Degree of a Graph — Refer to Q.6. 
(iv) Path and Circuit — Refer to Q.7 (ii) and (iii), 


0.14. Explain symmetric and asymmetric matrix of graphs, 
(R.GRK, Dec. 2016) 


Ans. The adjacency matrix of an undirected graph is symmetric and 
hence its eigenvalues are real. The adjacency matrix A is asymmetric for directed 
gaphs and in the general case its eigenvalues are difficult, We thus plot, for 
directed graphs, the top k difficult eigenvalues by absolute value of the adjacency 
Cy Properties can be read off the difficult eigenvalues, whether a 


ee, sia at - 
gpmatris Repro 2 


graph is nearly acyelic, whether a graph is nearly symmetric 4,, mn 0 eos 4 
araph is nearly bipartite. Ifa directed graph is acyelic. its adjaco,, "he, of 0 wee, | 
nilpotent and hence all its eigenvalues are zero. The difficult o;,, a a 

Bony hy inate) | 1 
can therefore serve as a test for networks which are nearly Waly m0: 1 0 
smaller the absolute value of the complex eigenvalues of a directa. he} p | 24,0 
nearer it is to being acyclic. When a directed network is ym mh 7 moe 1 0 f 
example, all directed edges come in pairs connecting (Wo nodes j, ar ; ue mee Oot 0 


direction, then the adjacency matrix A is symmetric and there, ; 
eigenvalues are difficult, Hence, a nearly symmetric directed Dety Cay 
complex cigenvalues which are near the real line. Finally the Cigenyay a : 
bipartite graph are symmetric around the imaginary axis. "Sond 

0.15. Write a C function to create the adjacency list TePreseniay, 
graph, given its adjacency matrix representation. RGRK, Juy en 

Ans, Sapa tesiieicl2 th 2 ) 
> using namespace std; 

=~ pale u, int v) 

J . 


degree and out degree of each vertex 
ingly connected component 


In degree 
d(1) =3 
(2) =2 
¢(3)=1 
d(4) =2 
d(5)=2 
d(6)=1 


(R.GRV, June 2014) 


sly Connected Components — The given graph has two 
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(iii) Adjacency Matrix ~ The adjacency matrix fir; the 
aT 


is as follows - 


Dawe wn = 


in memory; that is, we assume vj =A, v2 = B, v3 = C and v4 =D, \, =, 


Fig. 4.32 
(i) Find adjacency matrix (A) of graph G 
(ii) Find path matrix (P) of G 


Vg = F, Vy =G, vg =H. The adjacency matrix A of graph in fig. 4.32 js. 


follows — 


> 
fl 

maoaso-ooe 

eoococeo= 


: 


ecoocoooo-oco 


ecoocooso-oo 


ecoo--scoso 


ecooco—-o 


esccoooo~- 


Re oe 


escoHco 


gjnce erat in fe 


0 
0 


———— 
eoooeoroceseseoso=SC090°0’coocoot CSSCSCSoSo—Ssc'oss 


0 
0 
0 
| 
0 
0 
0 
0 


co 


ecoooocoeon SSoSSoo-— 


i — 


4.32 has & nod 


| 
0 
0 
0 
0 
0 


ecocooooooescoooeocoeors coocooHtoso SCSCSo-soSsesc so 


sooo Sets res 
° cocco SS cisco SoomOoSoooCOoe 


cooooerro SSOSCoO--—-os 


eeceoecorosoHosccoocot eH 


0 


Sooocoo~—— 


oooooo~e 


eSscc-—-ococeocsot coe 


7 


— ccocses 


(R.GPYV., Dec. 2008, 2014) 


(ii) Path Matrix — Now we calculate A?, A®, A‘, AS and A° using 


we adjacency matrix. 


AS idiediand A ee twr3r+toscoco 
oo 
owe seo eos ©o-=S 0S om Sans eee 
“Age Ses 60 —~ 5 cleo ai eee 
-~-e¢eccceccs “co-sco so tee ae ete 
-seecees cocoHsecct nna eee 
eee- seco Se-ccoccceyanane ess 
co - cere c)- 03 eS ee. Hee ae 
: “ + 
‘ ~ < < es 
cy 
z 2 
S 
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=A+A24 AS + AS4 AS +AS 
B, 


ot Loe OPE) (1) () 
000 0 0 xe 
neo Syyt 900 
Bojo 0 0°00 0 0 AS 
~ oy Re (4) (3) 
7 ea0, 0.°O oO 
Fig. 4.36 


Now replacing nonzero entries in B by 1. we obtain path .,, “ (R.GPV, Dec. 2013) 


ieee. 1.0 0} 
0000 0 0 ’ atrix — The adjacency matrix of fig. 4.36 is show? 
00 0 1.0 o| aajacen me 
Pe @ 
weuoo 0 0 0 Ans * 
aon 2 0 1 fe 43t Directory 
= a 
0.19. Find the adjacency matrix, in-degree and out-degree fy, , +6 
, Bing 2 
sO Ft 
Fig. 4.38 Node Directory 
sears Representation 


(R.GPV., June 2013) List — The adjacency list representation of fig. 4.36 is 


= The any mai of i Saemes follows to connect a graph into tree if yes how ? 
(R.GPV., June 2014) 
ment can be verified by the following theorem. 
ifand only ifitis minimally connected—A minimally connected 
vise we could remove one of the edges in the circuit 
‘connected. Thus, a minimally connected graph is a tree. 
mnected graph G is not minimally connected, there 
Gsuch that G-e; is connected. Therefore, e; is in same 


be part of graph but loop does not take place in tree. 
} Connect a Graph into Tree — Refer to Q.2!. 
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0.23. Prove that the number of edges in n-vertex comp), wa! Lam var mms te 
n(n — 1)/2 by mathematical induction. RGR} 1 next. Afte " 
Or me ot ge first manner before returning 


when no unvisited vertex can be r 


wf oes THIS traversal is formulated as ar 
was for depth first tr 


i” “ed = TRUE: 


Prove that the maximum number of edges possible in a sin. ie 
@ node is n(n - 1)/2. (R.GP I, a rey 
Ans. If we take number of vertices n = 1, 2 of 3, then the the, “nf 
Suppose the theorem is true for n vertices. It means that the 


connected graph having n vertices can have n(n ~ !)/2 edges 
To prove this result, we use the method of mathematica) , 
therefore we will prove it fora connected graph of (n + |) Vettion i 


“atts 
tto vd 
maximum number of edges in connected graph with (n + |) , en vs h ertex w adjacent to v do 


v 
for ene pot visited(w) then 


maximum number of edges in a graph with n vertices + MAXIMUM ny, if not 
with ae OY joined with n vertices. Mer : 
edges with which j f f traverse") zy 
a «wv =n+2n_ n° +n_a(n+l) 4 ig. 4.39 
2 end +shm assumes the existence of a boolean valued array visited 


2 2 2 
{(2+)-H(m+) (n+) {(n+1)~) 
Thus, the statement is true for connected graph with (n + 1) Vetoes op 
therefore we can Sy that maximum number of edges in a connected bag 


This of visited are initially set to FALSE. This is done in order to avoid 
Ns al of the same vertex second time as in the case of cycle. 
Y Je, let a graph is shown in fig. 4.39 which is represented by its 
& fist of fig. 4.40 is visited in depth first traversal starting from vertex |. 
if he order of traversal will be 1, 2, 4 8, 5, 3, 6, 7. Another possible 
will be 1,3,6,8,7,2,4,5. 

depth first traversal is O ( N*E) for adjacency list representation and 

A representation. The depth first traversal can also be 


ed iteratively by using a stack pushing all unvisited vertices piacent 


ay 


GRY, June 2013 
fanaa of the graph. Sometimes 
free vertices in a graph in some systematic order as 


we have seen in the case trees where we use preorder, postorder o 
inorder to examine the vertices, For examining all the vertices we start fom 
the root of tree, while in ee Ee ate» from an arbitrary 
vertex. There are two of the graphs — 

(i) Depth first (ii) first traversal. 

i First Traversal - Depth first traversal of an undirected 
‘an ordered tree: The start verte \ is 
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(ii) Breadth First Traversal ~The breadth first tray... 
depth first traversal in that all unvisited vertices adjacent to , , net 
visiting the starting vertex v and marking it as visited. Nex. 
vertices adjacent to these vertices are visited and so on unti| the 
has been traversed, Ml a 9 024 (ii 

» —— offi. 4 49 rae Wnt the difference between breadth first search and depth 
—— wight (R.GPY.,, June 2015) 
7, 
raqpacl f between depth first search (DFS) and breadth first search 
ero (R.GPY., Nov. 2018) 
) ‘Go aha between breadth first search and depth first search 


This traversal algorithm uses a queue to store the nodes Of ea 
\ can be done with the help of 


the graph as and when they are visited. These nodes are then tako,, 
= slower than DFS. 


s breadth first searc h algorithm with example 
¥ (R.GPY., Dee. 2015) 


' Or 
algorithm for breadth first traversals and explain with 
he 


the rf ote 
‘i (R.GPY., June 2013) 


yy 
Or 


me 


and their adjacent nodes are visited and so on until all nodes fait i 
The algorithm terminates when the queue becomes empty. 
Algorithm - This algorithm assumes that the existence of book 
visited which is initialized to FALSE. Whenever a node is visited, Visi eg | 
setito TRUE. i 


a 


DFS can be done with the help 
lof stack. 
DFS is more faster than BFS. 


leara(q); more memory com-|DFS require less memory 
visited(v) = TRUE; eco. compare to BFS. 
while not empty (q) do BFS is useful i in finding shortest |DFS is not so useful in finding 
for all vertices w adjacent to v do shortest path. 
iftnot visited then sso works in single | This algorithm works in two 
{ stages, 
insert(w.q); DFS is similar to pre-order 
visited(w) = TRUE traversal, 


Example — (») 
(>) (<) 
Y ©O 


* 


fered i in the queue only once. Thus te 
nis the order of the graph. 


DES spanning tree and BFS 
the given graph. 

¥,, Dec. 2008, June 2009) 

Or 

between DFS and BFS. 
ing tree of the given graph— 
(R.GRV, Dec. 2014) 
between DFS and 
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DES Spanning Tree and BFS Spanning Tree — 5, ; 
spanning trees resulting from a depth first and breadth fjr,.; a 4) 
vertex A of the graph of fig. 4.42. are} 


(R.GPV., June 2015) 


sing BFS, suppose 
«,imum path P from A to Y using ; 
To find the ne minimum path P can be found by using @ BE S 
t i “re ince Yi r final 
oad ending when Y is encountered, since Y is our! 


v0 


The 


(a) DFS Spanning Tree (b) BFS Spannip 
Fig. 4.43 8 Tie 
0.29. In what order are the vertices visited using DFS Stary 
vertex A in the following undirected graph ? Where a choice exe Oy 
alphabetical order. What if you use BFS? 8 ay 


BETWEEN DIFFERENT 


penning tree and a minimum cost spanning tree. 
R.GP.V., June 2005(1V-Sem), 2006(1V-Sem), Dec. 2011] 


¥ 4 
or Or 
eal minimum cost spanning tree. (R.GPV., Dec. 2012) 
Or 


“The depth-first search of fig. 445 results in visiting the node in 
following order ~ FP wt TK & 


(R.GPV, Dec. 2015) 


inning tree in a graph G is a minimal subgraph connecting 
f G. If graph “G” is weighted graph then the weight or 
manning tree “T” obtained from a graph “G” is defined as the 
fall the weights associated with the branches in the given 


The breadth-first search of 
following order — 


~~ all spanning trees are required, Fig. 4.47 shows the undirected Bap ap “i 
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spanning tree “T", As we have observed that there exrsis. se, , 
trees of a graph "G” so in the case of weighted graph. different... 
of “G” will have different weights, A spanning tree with the Minin 
in a weighted graph is called minimal spanning tree oF shory, : 
tree of minimum cost spanning tree. There are several methods -_ fy ~ 
minimal spanning tree in a given graph. nN » 
(i) J. Kruskal Algorithm 
(i) Prim’s Algorithm. 
0.32, Describe the routine for minimum cost spanning tree 
Seis gacttatprintensen (RGRY, p, ke 
to Q31. Ng 


| AlSpanning Tres of a Graph - It can be easily obseryeg ta 
several spanning trees “T” of a given graph “G”. In many Dbl, they 


4.48 shows their corresponding five spanning trees. 
One possible way to obtain all spanning trees of a 
given graph G is to start from any spanning tree, 
say T, which consists of ¢,, e; and ey. Add a chord 
say e (chord refers to that edge, which is present 


Fig. 4.47 


g tree from the other, thr, 
priate branch is called rele 
n. The distance between two 
ed as the number of edp., 
other. The distance may hy 


ede 
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e "% 
% ¥ 4 
% 
* %3 rs 
(a) T; (b) T; 
bf 
I 
e % e 
v4 2 my, %, % 
%3 & i 
‘3 ¥S 
(d) T, (¢) T; 


(o) Ts 


Fig. 4.48 


igen awe BOK rasta eigoriton with example, (R.GP.V., Dec. 2011) 
algorithm finds the minimal spanning tree. This algorithm 

ws — Firstly, list all the edges or the graph “G” in order of 

f . Then the edge with the shortest of minimum weight is 
‘Next, for each successive step select from the remaining edges 

e that has minimum weight and then, follow the condition that this 

make any circuit with previously selected edges. The whole 

till all n—1 edges are selected and these edges will constitute 

d minimal spanning tree. Now, we give the algorithm step by step — 

(i) Set T=NULL 

n-—lI edges from the given set E) 

through E; = 1,2,3......n—1, edges 

~ Set edge = minimum(E;) 

Set temp = edge [delete edge from the set E] 

(iii) (Add temp to T if no circuit is obtained) 

Repeat while E; does not create cycle 

_ Set T = temp [minimum weight edges] 

(iv) (No spanning tree) 

If edges of T is less than n — | edges then message = “No 

spanning tree” 

(v) Exit 


EUG ORG Wu were we ~~ 


Kruskal’s algorithm is of O(n? log, n) where n ig 
the number of vertices. However, if [E| is similar to {Vj, 
then the complexity is O(n’). 

Example — Consider a graph shown in fig. 4.49 
which is undirected. Now we want to find the minimal 
spanning tree applying the Kruskal’s algorithm. 

Firstly, we sort the edges in decreasing order. 

Now, we take an edge (v2, v3) because it has 


minimum weight. 
Path Weight 


5 
£5... . 
Vy v3 %2 


Fig. 4.50 (a) 
Now select edge (V2 , V4) which has minimum weight, 
YS, 


s ® 
eee, V2 77 


Fig. 4.50 (b) 


Next edge is (v3, V4) but it is rejected because this edge form a Circuit y 


Vg , 0 we select another edge with minimum weight, which is (v.. v) 2% 
‘3 
u y V4 
—————*;, 
‘6 
Fig. 4.50 (c) 


Then the next edge (V4, Vg) is again form the circuit so it is rejecteg ¢, 
we select another edge with minimum weight, which is (v;,V>). 


ns 


Seer | 
%6 


‘i 


Fig. 4.50 (d) 


Graphs yo; 


the minimal spanning tree is obtained after adding the edye ( 
Ww ’ 5 

xii weight is 18, 

yin 

y 


on 16 


Fig. 4.51 


sje add any other edges then we get a circuit so itis the finally minin 
ing tree 
# giimal Cost of Tree =5 + 6+ 11416418 = 56 


34. Find the minimum cost spanning tree of the given graph using 


ois algorithm. 
oa! 2 1 


Fig. 4.52 
(R.GRY, Feb, 2010, June 2014) 
Or 
Find the minimum spanning tree of graph G (fig. 4.52). 
* (R.GP.YV,, June 2015) 
Ans, The given graph is 
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Minimum cost spanning tree for given graph is found as 


0) 

© 
0) 
® 
© 


® 
© oO 
© © 


@ 


Fig. 4.54 
< amum cost of spanning tree of the given graph using Kruskal 


peep t1424243+3=14 
tof 


explain Prim’s algorithm for minimum spanning tree with 
(R.GP.V., Nov. 2018) 


() ee prim’s algorithm proceeds as — Draw “n” isolated vertices and labe| 
Ans 


oss 


Ves Var Now, tabulate the given algorithm weights of the 
“G” in an “n” by “n” table. Set the weight of non-existent 
Jarge, say (0) infinity. Start from the vertex “v;” find the next 
sy that has the minimum weight in row | and connect it, such 
Fie subaph. Again, find the nearest neighbour, say “y,”, and 
ri it10 be sub-graph, while considering vertices “v;” and “v,”, and “v,” 
ot weight. Thus, the vertices “v;”, “v,” and “v,” produce a 
ste! a process is continued till all n vertices are connected by 
directed, weighted graph shown in fig. 4.55 consists of 7 

The weight of its edges is tabulated in fig. 4.56. 


3 
ca 
” 
cr) 
8 
9 


Fig. 4.56 The Weight of Graph in a 
Tabular Form 


“v,;", pick the smallest entry in a row, which is 
‘obtained is shown in fig. 4.57. 
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. 


spanning tree and its components. (ILGPN., Dee. 2016) 
yeh wal Q.3¥ and 0.35 
ad 


rite 
0 pani 


s algorithm for minimum spanning tree. Determine 
tree for the following undirected graph 


be | 


Fig. 4.57 Sub-graph Obtained After Fig. 4.58 Sub-grapp, 
Picking “y,” Smallest Entry ina Row Picking v, from neq, ih My 
in Row I and Row > from, tt 2 , 

Now, pick up smallest value of row | and row 2 neare Mew. f 
which is v,, the sub-graph so obtained is shown in fig. 4.sg mL 
Now, pick up the smallest value of row I, row 2 andr, Yh 
“v,", the sub-graph so obtained after adding vertex v, is show, ws ‘ 
hy 


» v 


4 
Fig. 4.63 (R.GRY,, Feb, 2010) 


*s Algorithm — Refer to Q.35. 
al ~ This graph has 6 vertices, hence, any spanning tree of this graph 


h 
ich ‘ 
4Sy 


5 dae. ByPrim’s algorithm the edges are ordered by increasing lengths 
4 joes added (without forming any cycles until 5 edges are included) 
si lowing data ~ 
% ‘ ‘s nis yields a 2 . 
‘ Edges: > 
Fig, 4.59 Sub-graph Obtained After Fig. 4.60 Sub-graph Obtaine, ql 
Picking “v,”, Next Smallest Adding v4, Next Smale, Ver 
Eniry in Row 1, Row 2and Row 3 Row I, Row 2, Row 3 ang p, 


Again, pick up the smallest value of row 1, row 2, row 3 and rp 
which is “y,”. The sub-graph so obtained can be viewed in fig. 4.69,” § 
Now, pick up the smallest value of row 1, row 2, row 3, row 4 and ,., 
which is “v,", The sub-graph so obtained can viewed in fig. 4.61. 6 


' (ec, DE, AC, CD, DF) 
Prim’s algorithm find the minimum spanning tree of the 


Fig. 4.61 Sub-graph Obtained After Fig. 4.62 Sub-graph Obtained Af, 

Picking “v,” Next Smallest Entry in Picking “v,”, Next Smallest Entry in 

Row I, Row2, Row3, Row4.andRow6 Row I, Row 2, Row 3, Row 4, Row 5 and 
tow 6 (Minimal Spanning Tree is 


2, row 3, row 4, row 
d is shown in fig. 4.62. 
ch is the total sum of the 
m in fig. 4.62. 


5 and row 6 which is “v,”. The sub-graph 
Thus, minimal spanning tree's cost 
weights of the spanning tree so, 


5 
Fig. 4.65 


[R.GPV., June 2008 (IV-Sem)] 
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Ans, This graph has § vertions, hence, any spanning ty 
have 7 exiges. By Prim s algorithm the edges are ordered by ing; 
are successively added (without forming any cycles unt! > ed, 

This viekds the following data 


Bigs AF CHAR ED BORD CE BE DL jy, 
ES ee RE ee 


(©) (d) 
Fig. 4.68 Stages in Prim's Algorithm 


lowing graph construct minimum spanning tree using 
y, For the ipa 
of iy Prim’s algorithm (i) Kruskal algorithm. 


Fig. 4.66 
‘The minimum spanning tree of the graph, thus, contains the folloy, ing 
(AE, PG FD, DB, BC, CE, CH) “sy 


0.39. Write Prim's algorithm to find minimum cost spanning jp... 


minimum cost spanning tree for the following graph using this Algor 
m, 


Fig. 4.69 
[R.GP.V. Dec. 2006(1V-Sem), June 2009] 
Ans. (i) Minimum Spanning Tree using Prim’s Algorithm — The root 
js 2. Shaded edges are in the tree being grown, and the vertices in the 
oe shown in black. At each step, the vertices in the tree determine a cut 
ge h, and a light edge crossing the cut is added to the tree. The cost of 


or spanning tree is 17. 


Fig. 4.67 (RGPV, June 291, 
Ans. Prim’s Algorithm — Refer to Q.35. 
Problem - Fig. 4.68 shows the working of Prim’s algorithm on the 


graph of fig. 4.67. The minimum spanning tree obtained is shown in fig 
4.68 (d) and has a cost of 7. 


- : 
es Se ; od 
| 
. 
e e 
(@) () 
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(ii) Minimum Spanning Tree using Kruskal Algorithy, 
with no edges selected. Fig. 4 71 (a) shows the current BAH win 
selected. Edge (2, 4) is the first edge considered Itis included j,, th 
tree being built. This yields the graph of fig. 4.71 (b). Next, the oy ‘Ps, 
selected and included in the tree resulting in fig 4.71 (C). The ney, “2 
considered is (1, 3), Itis included in the tree resulting in fig 4 >) “ee 
(3, 4), (3, 6) and (2, 5) are considered next and only edge (2. 5) ,, Pa ty’ 
tree because edge (3, 4) yields a cycle [fig. 4.71 (€)}. The neyy (la. 
considered is (4, 5), it is not included in the tree because it make, “1,9 
(4, 3) is considered next, this edge is also discarded due to cycle, Nt bye (0) © © © 4 2 io) 

. o~\ OO Do 


exige to be considered is (5,°6), It is included in the spanning tree ,,, °°! 


owe the working of Pritn's met 
Pi oe shows th " 
» 


a tree obtained is shown in fig 4.7) (hy) and | 

oO ® © © 0) 

©© (0) 0) 
©--O--O 


Sul, Me 


fig 4.71 (f), The next edge to be considered are (4, 6) and (6, 3) "ng 
included in the tree because they makes a cycle. The cost of minimy,, 5 My e (oO; OO 
tree is 17 0 Paria (d) 
0) 2 (0) © Reo —@ 
4 © (*) 0 ‘ © 


05° a ° 


© Oo 
0) 


@ oO 


Fig. 4.73 


0.42. Explain Kruskal algorithm and apply Prim’s and Kruskal 

gorithm to find minimum spanning tree. 
6 

: () S_(c) 


Fig. 4.74 


4.72 (R.GRV., June 2012) 


Display there at each stage. [RLGRY., June 2007A¥-Sem), Dec. 219) 
A> a ts 


Ans, Kruskal’s Algorithm — Refer to Q.33. 
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Minimum Spanning Tree using Kruskal’s Algorithm 
cost spanning tree for given graph is found as 


sost of spanning tree of the given grap 
seqyit? COS! , = 
joi 
[#2424343 4+44+54+6+6232 


qree using Prim’s Algorithm — This graph hae 
spanning tree of this graph will have 9 edges. By 
es are ordered by increasing lengths and are 
pout forming any cycles until 9 edges are included) 


a @ 
moO Oo 


ed (wi 


Structures (C0! In} ce ayer 
~~ XY List Representation = 1° 
ency © 
vain shown In fig. 4.79. 

nis § 


{oto 4 CTY 
ppl t+-EEE+-Ee 
Goer S-o07 

' A pel +E E-GES-G +e 


' joe CEG 
CAt-E-LE 
y Fig. 4.79 Node Directory Representation 


Fig. 4.76 
Therefore, the minimum cost of spanning tree of the given raph 
prim’s algorithm is 32, P Wing | 
of < ~ sel ji) Minimal Spanning Tree — Fig. 4.80 shows the working of 


‘5 method on the graph of fig. 4.77. The spanning tree obtained is shown 
it 4,80 (f) and has a cost of 17. 
fg + 


aoe Oo OOO 


(ORL O EONS CRTC 


Fig. 4.77 
(i) Find the adjacency matrix and adjacency list Fepresentation 
(ii) Using Prim’s algorithm find the minimal spanning tree, 
(RGR, Dec, 29) 


Ans, (i) Adjacency Matrix - The adjacency matrix representation o¢ 


fig. 477 is shown in fig,478-- 


i eS 6 F 
1 4000 
A 640 0 
3 sree 
= 4 as 604 
‘ ree 
1 ans Ky 4 © 2) 
Fig. 4.78 Adjacency Matrix of Fig. 4.77 ( (d) 


——_ Vv 


write Dijkstra 'y shortest path algorithm. 


Q o ‘This algorithm is used to determine the shortest path between twe 

vertices ina graph, Let, weight w (v,, vj) is associated with every 

Q As 7) in a given graph G. Furthermore, the weights are such that the 
from vertex vj, to the vertex vy via vertex v, is w (¥,, ¥)) 


“a i} 
' | in Using this technique, the weight from of vertex v, (starting of the 
v y, (the end of the path) in the graph G for a given path (v., ¥\). 


o vertex 
: (vgs Vado oo (vis ¥p) 18 given by w (V., Vj) + W (Vy. ¥2) + W (Vp. Vy) 
Fig. 480 § ve (vp Y): Ina graph there are many possible paths between v, and v, 


0.44. Find the minimum spanning tree for the following Rn 7 “piikstra’s method is a very popular and efficient one to find every path 
“ph ing to terminal vertices. If there is an edge between two vertices, 


Prim’s algorithm, uy 7 8 
me he weight of this edge is its length. If several edges exist, however, use 
M portest length edge. If no edge exists set the length to infinity. Edge (v,, 
joes not necessarily have the same length as edge (vj, v;). This allows 
) routes between two vertices that take different paths depending on 
jon of travel. 
- ‘This method is based on assigning labels to each vertex. The label is equal 
jae distance (weight) 08 the starting vertex to that vertex. It is obvious 
rting label 0. A label can be i > 
the vertex V. a can be in two states — temporary 
. ‘ : Fig. 4.81 (R.GPYV, Dec. 2015 vt t. A permanent label that lies along the shortest path while a 
‘Ans. This graph has 8 vertices, hence any spanning tree of this grap) a Soporary label is one that has uncertainty as to whether the label is along the 
have 7 edges. By Prim’ algorithm the edges are ordered by increasing lng est path 
and are successively added (without forming any cycles until 5 edges ary ‘Algorithm ~ 
included). This yields the following data — A 
: (i) Assign a temporary label / (v;) = & to all vertices except v,. 
(ii) [Mark v, as permanent by assigning 0 label to it] 
1 (v,)= 0 
N (iii) [Assign value of v, to v, where v, is last vertex to be made 
permanent] 
¥r= Ys 
(iv) If 1 (yj) > 1 (yy) + W (pV) 
f Hy) = 1 (vi) + W Oe VD 
(VY) Y= Vi 
(vi) If v, has temporary label, repeat steps (iv) to (v) otherwise the 
» 


y, is permanent label and is equal to the shortest path v, to v,. 
(vii) Exit 
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0.46. What is @ minimum spanning tree? Using Diy. ie the minimum value, then we take 
‘find a spanning tree of the following graph. "ey P= {a,c,b,¢, f}, T= (d. 8) 
Hd) = min. {21, 20 + 7} = min. (21 
pow Mg) = min. {27, 20 + 3} = min. (27, 23 
21 is the minimum value, then we take 
nee P= {a, c,b, ¢, f, dj, T = (a) 


Kg) * min. (23, 21 + ©} = min. (23,4) =2 
No the minimum distance between a to gts 23 


Fo” Fig. 483 
(RGR, y 
a — Refer to Q.31. “me 25) 
Tibhode fg} g 
Fig. 4.84 
7, Find shortest distance between A and E for the given graph. 
T= {b, d,e, f, g} 


5+9} =min. {6, 14} =6 
foo, § +16} = min {o, 21} = 2) 


Fig. 4.85 [R.GP.V., June 2007(V-Sem)] 


e shoi nce between A and E is computed for the given 
Dijkstra’s algorithm as follows — 
~~ P= {A}, T= {B, C, D, E, F} 
KB) = 5, KC) = 2, KD) = © 
KE) = 0, IF) = 0 
‘Minimum distance, then new focus will be B. 
P= {A, B}, T= {C, D, E, F} 
KC) = min. {o0, 5 + 6} = 11 
KD) = min. {00, 5 + 20} = 0 
__ ME) = min. {o0o, 5 + 3} =8 
(F) =min. {00, 5 + 0} = 0 
est path between A to E is {A, B, E}, and the distance is 8. 
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0.48. Find shortest path for a to f using Ditkstra yg, ; 
“ - : 8th, Aruskal oF Prim 
. kal’s algorithm is an algo Prim’s algorithm 
gl in graph theory which which search 
f sa minimum spanning spanning tree for 
weighted unidirected graph 


fi 

gear ected weighted 
fora conn 

pce 


e 8 e > 
Fig. 486 REry . ae is = pe ed san ss cm : upailn we wai 
i, T= {bcd ” Noy f from smallest to largest an arbitrary node then correct the 
Ans, We have P = {a} and T= {b, ¢, d, e, f} nl ding! Titacd 
‘ ick accordingly. once nearest to it 
Given that, 2 and P mits both new-new | Prim’s always connect 
Ab) = min. {3} kr and old-old nodes to get —_| vertex to old vertex. 
Kc) = min. {4} ected. 
Kd) = min. {20} ’s algorithm builds a mini-}Prim’s builds a minimum 
Ke) = min. {20} spanning tree by adding spanning tree by adding one| 
i(f) = min. {c0} edge at a time. The next line | vertex at a time. The next vertex 
Here 3 is minimum value, then we take js always pe aed if it | to be added is ae a one 
P(a, b) and T = {c, de, f} does not creal ‘yele. ok. to a vertex already on a 
Now, Kc) = min.{4, 3+7}=4 jtneed us to sort the edge In Prim’s algorithm we choose 
Kd) = min. {20, 3 + 6} = 9 ‘| weight’s first. the shortest edge when executing 
Ke) = min. {, 3 + 0} = 2 the algorithm. 
[(8) = min, foo, 3 + 20} = « i— 
Here 4 is minimum value, then we take : 9.50. Write short note on application of graph. 
P(a, b, c) and T= (d, e, f) se) [R.GP.V., Dec. 2003(V-Sem), June 2004(IV-Sem), 
Now, Kd) = min. {9, 4 +5) = 9 a Dee. 2005(1V-Sem), 2006(1V-Sem), June 2007(V-Sem)] 
Ke) = min. (~, 4+ 8) "4 2 Ans. Graphs hs have found application in subjects like Geography, Chemistry, 
» ee K(f) = min. {29, 4 + 20) = o0 cgineering, social and biological sciences, in linguistics and in numerous 
Here 9 is minimum value, then we take era computer science, graphs are used in computer design, etc. 
P(a, b, c, d) and T = fe, f} raph also be used to represent physical situation involving discrete 
Now, Ke) = min.{12, 9 +3) = 12 ‘arelationship among them. The following are the examples of 
Kf) =min.{2, 9+ 4} = 13 . 
Here 12 is minimum value, then we take _ Konigsberg Bridge Problem — Two islands C and D formed by 
a ae 
P(a, b, c,d, e) and T = {f} i in Kon igsberg (then the capital of East Prussia but now renamed 
Now, +7} =13 West Soviet Russia) were connected to each other and to the 
Hence, the minimum dis a, to fis 13. Seven bridges, as shown in fig. 4.87. The problem was to { 
Therefore, the shortest path is {a, b, d, f} Ans, four land areas of the city, A, B, C or D, walk over eachof = ||. 
exactly once and return to the starting point. ' i 


0.49. Give the digerences between Kruskal ond Prim ‘sgraph algorithms. 


2 ted this problem b f ae own i 
som aiKieetalipad Pi’ graph a a represen problem by means of a graph, as shown in 


Vertices represent the land areas and the edges represent the bridges. 
ed that a solution for this problem does not exist. 
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9q me ontine AND SEARCHING 


R 
Fig. 4.87 Konigsberg Bridge Fig. 4.88 Graph o Lk, 
Problem Bridge Probye Nip, 

(ii) Utilities Problem — There are three houses H), H, sige, 
to be connected to each of the three utilities water (W ). 888 (G), ang e i, « 
(E) by means of conduits, as shown in fig. 4.89. Is 4 Possible tg Make 
connections without any crossovers of the conduits ? " bap 


1. What is sorting and why it is needed ? 
a Sorting is the operation of arranging the records of a table into some 
bot order according to an ordering criterion. The sorting is done on the 
-. key value of each record. Records can be sorted either numerically 
ys 4 generally, alphanumerically depending on the makeup of the key. The 
G 4 pea arranged in ascending or descending order according to the 


ies Probl «al value of the key. 
Fig. 4.89 Three-uiilities Fe +e ee tes Pa ccat sorting is one of the most common tasks performed by 
. a uters. It has been observed that one quarter of the running time of all the 
Fig 490 shows how this problem can be'represented by a graph, The om ’s computers is spent on performing various types of sorting. Sorting is 
vertices represent the houses and utility supply centres and the edges represen, to arrange names and numbers in meaningful way. We have many 
the ere The graph in fig. 4:90 pet Be‘drayn in the plane Without les in our daily life. An English dictionary is a good example, in which all 
edges crossing over. Thus, the answer to this problem does not exist, 


jonds are arranged in alphabetical order. So that searching of any work becomes 
0.51. Write an algorithm to implement depth-first search. How is depyp_ 


yA phone directory is another example, in which it is relatively easy to 
first search different from breadth-first search ? Also write any two application 4 up the phone number of a friend because the names in the phone book 
of complete graph. (R.GR.V., June 2016) 


jaye been sorted into alphabetical order. These examples clearly illustrate that 
Ans, A standard DFS implementation algorithm are as follows ~ one of the main reasons for sorting large quantities of information is desirable. 
() Start. 


That is, sorting greatly improves the efficiency of searching. 
(ii) Putting any one of the graph vertices on top of a stack. 


(iii) Take the top item of the stack and add it to the visited list, 
(iv) Create a list of that vertex adjacent nodes. Add the ones which 


, 2 Write a short note on stable sorting algorithm. 


tr Itis possible for two records in a file to have the same key. A sorting 
gorithm is called stable if for all records i and j such that K[i] equals K{j], if 


are not in the visited list to the top of stack. ka ie ; : z F 
(\) Keep repeating steps (iii) and (iv) until the stack is empty. r rj] in the original file, r[i] preceder r[j] in the sorted file. Stability 
(vi) End. ~* z isgenerally a desirable feature, but in many cases it may be worth sacrificing 
Also refertoQ.27andQ.50. 9 lability for improved performance. A stable sort algorithm keeps records 
oe LH aa the same key in the same relative order that they were in before the sort. 


bubble sorting and explain iwin orample. Alto write the 
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of and complexity of the hubble sort. 
Or 


For example, if X; = Xj) = Xy, are the only keys equal to 
list of integers, a stable sorting algorithm may more Xe ti , 
position 4, and X,, to position 5, Stability ts desired when satet)j,, td 
is present alongside the primary keys. For example, suppos, 
alphabetically sorted list of passengers out of an intermational ay,),, 
day. When a stable sorting algorithm is applied to the Might numbe, 
records, the alphabetical order is not disturbed ithin one flight , 
day’s activity sorted by Might numbers, and w ithin each fight th, 5S 
names will be sorted alphabetically. ray 


Q.3. Write short note on the internal and external sorting, 
RGPK, Dee, 


pubble sort algorithm and also calculate its efficiency. 
write (R.GPV., June 2010) 


~ ss is repeated for all elements in the array. By this the largest 
will be at last position. During the next pass, the samme process is 
the second largest clement occupies the second largest position 
{ , the same process is repeated leaving the largest element 
is pass, the largest element occupies then n ~ | position. Same process 


wd until no more elements are left for comparison. And finally the 
Define the term — 
(i) Internal sorting (ii) External sorting. (R.GRK, June » , ; 
Or ‘9 J example — rE airs. _ 


Differentiate between internal and external sorting. 
whole process of bubble sort is illustrated below 


R.GRY., J 
—<— tne 2012, 949 A The 
Discuss internal and external sorting. (R.GPV, Dec, ee i ay 893 4 As AG My \ 
50 30 85 65 25 15 55 \ 


a 8 % a & @ 


a 4% 4 7 
o @® @ 3 85 65 25 15 55 


The time required to read or write records is not considered to be Significany 


in evaluating the perfor ‘of internal sorting techniques. Interna] Sorting .. 
comparison criteri ; ‘of comparisons required, number of Swap ce, 5 < 50 (a0 <aj), so the-resultant list is — 
made and memory requirement Some internal sorting techniques are selection Day 4% N83 84 85 86 


35 50 30 i 25/95 55 
re ay and ay — 

CL i a le 

S G0)G0) 85 65 25 15 55 

30 < 50 (a) <a), interchange 50 and 30 - 
Mp 9% 4 8 9% a5 % 87 

35 30 50 85 65 25 15 55 

ay and a; — 

ayy 8, 8 8 As 86 Ay 


5 30 G0) G5) 65 25 15 55 


access times are major 
ating the performance 


ernal sort algorithms are 
ison criteria are dominated 
nd mairi memory). External 
¢ sorting. Merge sort is an 


Since, 50 < 85 (a) < a3), nO alteration takes place so, the re 

mH 3S MH  % My 

35 30 50 85 65 25 15 55 
Compare a; and ay — 

a a & 4 a a a, 

one O@Os Es 
Since, 65 < 85 (a4 < a3), interchange a; and a, ~ 

a 4 % 9% NM 8 % 8 

35 30 50 65 85 25 IS 55 


ay a a, 


9 < 35 (ay < ap). interchange ay and a 
ye 9 eM at 
35 50 65 25 15 55 185 
7 a 


3 
ao 


M a % ie, 

& B@ os 6s 25 15 55 185 
@ < 50 (a; < 42), no alteration takes place. 

m 8 % as Pals 

» a 33 50 65 25 15 55185 

4g 

a; & 8, he a, 

a % @@ 25 15 55 185 
50 < 65 (ap < a3), no alteration takes place. 


et, 32 By Ram M5, Bg | 7 
p35 50 65 25 15 55 !85 


P a | 
1 a as 


a 4% Hag 
a * 50 @) @) 15 55 185 

_ ES interchange takes place. 
wm Hm HM Bs IA, 
ie 50 25 65 15 55 185 


a As Aa! & 
(38 50 25 @) (5) 55 185 
5 > 15 (ay > a), interchange takes place. 
wm My I 
15. 65 55 185 


Beh HH BIR 8 
@ & s 25 18 55 165 85 


Since, 30 < 35 (ap < aj), no alteration takes place. 


a ae Sea st 8, 
30 35 50 25 1S $5165 85 
Compare a; and a) — 

SR ue sir % 
0 @@ ¥ 1s ss 105 5 

Sie 35 <50 (6 <p), no alteration takes place, 
<~S Ni mM MM Al ay wy 
Sy 30 38 50 25 15 55165 85 


Compare a and a3 ~ 
Re Se Bie Sat 8AM 8 


30 38) @ 15 55165 85 
Since, 50 > 25 (a > a3), interchange takes place. 
i i i 

M35 25 50 18.85 168 85 


Wwe % % ay ay a,| i & 
pest 30 35 25 15 50; 55 65 85 


an 
Mj 8; fy M1 ae a, fy 
) G8) 28 18 50155 65 85 


30 < 35 (a < a;), no alteration takes place 


sit Pe @, 9, M1 a, a a, 


35 25 15 50155 65 85 


a) and .. 
ai a, a! Mg Mg a 
a ICIS) 15 50155 65 85 
35 > 25 (a > ay), interchange takes place. 
a % 9 %1 Ms a a 
30 «25 «35 15 50155 65 85 
ok? 


as > Pees er 
a ® 50 155 65 85 
. > 15 (ay > a3), interchange takes place. 


eens 82, 83 Sol as a a, 
> 
30 «25 4% 35 50 1 55 65 85 


ee 
15 35 50155 65 85 


MM Al ay as a 
25°15 35150 55 65 85 


5 < 50 (a3 < aq), no alteration takes place. 


’ 


a 


fourth pass, the fourth largest element 50, has moved to the 


CS) a; -> = 
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yi 15 251 


Since, 30 > 25 (ap > aj), interchange takes place 
MM I a & a, 
25 30 15 35150 SS 65 85 


Compare a; and a 
fy MM MTR eR A, 


5 @@ 318 $5 65 8s 
Since, 30 > 15 (a; > a»), interchange takes place. 

ay % & SUN a & 8, 

2s 18 30 35150 SS 6S 85 
Compare a) and a; — 

% See ese 

25 1s @ @is0 55 65 85 
Since, 30 < 35 (a) < a3), no alteration takes place, 

a % 8 sh ei Bs Agpndy 

25 15 30 35150 55 65 85 


My My) fs a, ay 
M priyy 35 50 55 65 85 
225 (a < 4), 0 alteration results. 

gine | am Ms eM 
25 3p 35 50 55 65 85 


of seventh pass, the seventh largest element 25, has moved to 
a since the list has 8 elements; it is sorted after seven passes. 


nts the number of elements in list and list represents the list of 


wo 
gee @ (aii 


(i) AS through Step (v) while (i < n) 


At the end of fifth pass, the fifth largest element 35, has Move 
position a3. "the idi= ind 
Pass VI 1a; &% as a, a (Gv) Repeat through Step (v) while (j <n — i) 
‘ass am & a1 4 a 7 io if list) > listj +1) 


1 
25 15 30135 50 55 65 85 ive ~ ist +1 


Compare ay and a; — (b) list{j + 1] = list{j] 
momma Bs Me ~ (©) list{j] = temp 
@) @ 3135 50 55 65 85 (vi) Exit 
’ y of Bubble Sort — The complexity of sorting depends on 


Since, 25 > 15 (ag > a), interchange takes place. 
a LN As a 
15 25 30:35 50 55 65 85 
Compare a; and a) ~ 
oA BI as % Hy 
15 @@i3s sv 55 65 85 
Since, 25 <30,(j-< 87) agaiermton takes place. 
ya oe as a a, 
15 25 30135 50 55 65 85 
At the end of sixth pss, the sith largest element 30, has moved to the 
position a). 


. The number of passes necessary may vary from | to 
but the number of comparison required in a pass is not dependent on 
data. For th i* pass, the number of comparisons required is (n — i). That is, 
there are en 1 comparisons during the first pass, which places the largest 
element in the last position and n — 2 comparisons in the second pass, which 
places the second largest element in the next-to-last position and so on. 
e best case, the bubble sort performs only one pass, which gives 
mber of comparisons required i is obviously (n — 1). This case 
> given list of array is sorted, worst case performance of the 


ro F0-9 =Fn(n -1)= O(n?) 
i=l 
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For the bubble sort, it is difficult to analyze the ye, 

Age ¢ 
to other cases. To find the expected number of compari, 
the expected number of passes first. The averay, . 

vs mh 
approximately (n ~ 1) * 125 ya The average Number oy 
comparisons are both O(n’). 


0.5. Write quick sort algorithm. Using quick Sort tf 

following array in ascending order. Show all steps \ 
25, 57, 48, 37, 12, 92, 86, 33, 50, 42 <n 

RG 

= ( PV, June 2006, Som 
Explain quick sort algorithm and also write it, C aleulate g : 2th 

complexity) of quick sort. or (R. Gey smn 
ec, 3 op 


<j 


Discuss the algorithm of quick sort with example. (R, GRY, » ‘9 
Ans. °c. 2 


eChy 
Th 


Let A be an pi 0 number of elements to be sorted. L¢1 ,,, 
choose an element x from a specific position within the array, In general, thi, 
specific position may be the first position in the array, such that A[0]. Suppose 
i position i and the following 
condition hold, 


(i) Each of the th Afi —1] is less than or equal 
to x. ee - 

(ii) Each of the '] through A{n— 1] is greater than or 
equal to x. a iia, 

If these two conditions hi if rai i, then x will be in its proper 
position. The same process is r for the subarrays and any other 
subarrays which might be ive iterations and 
then finally the list will be 


an hy 


nen 


cee 
re 


2. 


m — This algorithm sort the 
Let lowand high refer the lower and higher limit of the 
t with key K,, , ; is considered such that K 
Aa e variable chk refers the end of a process 
position. The sublist is further subdivide «l when hh 
the key value to be placed at proper position. The 


ve 
[Initialization] 
set chk ; = true 
[Setting of limits] 
If(low < high) then 
seti: = low 
set j : = high 
[loop] 
Repeat through step 
seti:=i+l 
Repeat while A[i] < k 
seti:=i+1 
setj:=j-1 
Repeat while A[j] > k 
ey | 
[Exchange] 
if (i<j) then 
set tl :=A[i] 
set A[i] :=A[j] 
set A[j]:=tl 
else 
set chk : = false 
set t2 = A[low] 
set A[low] : = A[j] 

_ set A[j]: = 12 


. [Sorting first and second sublists] 
~ Call quicksort(A, low, j - 1) 
Call quicksort(A, j + 1, high) 


[Exit] 


Return. 
Efficiency of Quick Sort —The running time of a sorting algorithm is 
measured by the number f(n) comparisons required to sort n elements. 


) < 25), so interchang 
Alil K (i.e., 12 < 25), so inter F 
id right w ith i and left with ; 


@ 12 C) 757 os 


eres gin wot so we leave i, and star 


ware 
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Quick sort algorithm has @ worst case running time of order? 5 | 
average case running time of order nlogn 

The reason for that is, the worst case Occurs when the list \. . 
sorted. Then the first element will requires *n* comparisons to recog Nir, i 
it remains in the first position. Furthermore the first sublist will be emp he 
the second sublist will have n — 1 elements. Accordingly, the Second ¢ ke 
will require n - | comparisons to recognize that it remains in the “ Ce ny 


position and so on, Consequently, there will be a total of “Ong 
mint + 1) 


( 


>K 


4 . 92 86 J 
@ a a sm F 
12 
6) . 
) @ HS 37 97) 96 330 5042 
i 


so we swap A[low] and A[j]. So, 


fin) = n+(n—1)+..4(2) +(D = 
92 8% 33 


wu 
~ 


(n? +n) 


| = O(n’) comparisons 
( 

The average complexity = O(n log n) 

Now, we will arrange the following array in ascending order Using gy: 
sort method Wick 

25, 57, 48, 37, 12, 92, 86, 33, 50, 42. 

Here, 25 is selected as a key value. Then two indices i and j are use 

indicate =a +1 and high respectively. ‘ 


Here i> J, 
iy ey 48 37 noe. 6 2. Ww 


‘ 1 II 
Sublist Sublist 
Now we have obtained two sublists, in which first sublist has only one 
that is less than the key value. So, first sublist is sorted. Now we 
consider only on second sublist and follow the above process again. 


high 


high 
BQ«> 72M % B 0 4 


Here Afi) > 5 (ie., 57> 25), so we leave i and start moving left wij 


Q@@ «x 92 86 33 0 @ 


low 
es. : @) 37 2 % 3 30 2 
Q@@ «4 7 2 2 6 3 @) 2 i j 
i . 37 G) 2 % 3 30 2 
i J 


Q@Qax vm 6 @ 0 
i J 


Here, A[i] > K (i.e., 57 > 48), so we leave i and start moving left with j till 


® @ 6% 37 «12 9 © os 2 Be 
i 9 

QQsxr2r2@w » x0 w Qs @ 2 % 3 0 @ 
i j i j 

@®@« x ” 6 33 #50 4 ince A{j] <K (ie., 42 < 48), interchange A[i] and A[j] and start moving 
i i - i, till Afi] <K. 


») 


yy ae 
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0) 37 —( (2) 8% 33 ©) % 
! J 
@ 37 42 © 86 


Now interchange A[i] and ane move i Gi; J by one step, Tespec 
Ctive 


6) 37 Ay 92 50 57 
@v 2 8 92 50 57 
a) a 


Here, i >j, so interchange A[low] and A[j] and we get two other subj; 
sts, 


33 37 42 48 86 92 50 57 
ee | eee | 
* Sublist II™ Sublist 


Now, taking I" sublist, with elements 33, 37, 42, which is already sorteg 
Now, taking II™ sublist with elements 86, 92, 50, 57 — j 


low high 
Q mo 7 
1 J 
Here, A[i] > K, then left i and start moving with j. 
low 
° @ » @ 
1 J 
Now swap A[i] and A[j] since i<j. 
low 
37 @ 92 
1 
Jj 


On 


y 


Now, Since 1 > j. swap A[low] and A[j), Thu 
jist ' 
50 5786 CP 
" ti 
Sublist Sublist 


ow the first sublist is already sorted. And second sublist conta 


element, then sorting is not required 
a 


low we combine all the sublists and we get new sorted list ina 


as follows ~ 
onder 12 25 33 37 42 4850 57 96 92 


0.6. What is quick sort ? Why is it called partition exchange sort ? 


Ans: Refer to Q.5. 


(R.GP.V., Dec. 2014) 


Q7. Sort the following integers using quick sort 


25, 57, 48, 37, 12, 92, 86, 33 


(R.GPV., June 2014) 


Ans. The whole process of quick sort is as follows — 


low 
Sy 48° 37 12 

7 right 

pivot 

2) 57 48 37 12 
right 

2) 57 48 37 12 
right 

() ae 48 37 | A? 
right left 


right left 
® foe 4s C37ti=éS77 
right 
left 
® me 48 (370Céi—«‘*STT 
left right 


92 


92 


86 


86 


and right. 


86 


86 


86 


high 


33 


left 


we 
a 


ue 
Oo 


33 


33 


33 


33 
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Since right > left, so interchange a[left) and a[low) to rics, « 
proper position 25 
{12} 25 {48 37 37 92 86 fis 
Since 12 is single element in the subarray, so no need to sor it A 


to 


low high 
n 3 (@ 37 37 me 863), 
* right lef 
pivot 
high 
mt ee 92, 8633, 
right left 
Interchange afleft] and a[right]. 
p-s (@ 37 3 2 8% 57; 
right _ left 
Ci Se 
right 
left 
2 5 {@ 37 33 92 8% 57} 
left right 


>» low 
yt 4  % 57 
25 * right — left 
pivot 
33.37 «43948 «(GD 857} 
25 left 
2 right 
= Jeft, so interchange a[left] and a[low] to reach 92 to its 
git? righ 
place low high 
sal ms 3748 G6} 2 
2 t left 
pivot right 
right = left, also elements are already at proper position. So we 
sin chase them, 
fess 37 48 C57 86 2 


z sort the following list using quick sort — 
44, 33, 1, 55, 77, 90, 40, 60, 99, 22, 88, 66 
(R.GP.V, Dec. 2004, June 2006, 2015) 
Ans. The whole process of quick sort is as follows — 
high 


Since right > left, so interchange a{low] and afleft] to reach 48 to jtg 
pper position. 
low high 
2 as iQ SyrAgmTo2 4 86 57} 
left 


pivot right 


low high 

12 25 @ 37) 4 (92 8% 57) 
lefit right 
ee ° 

bee ee eg te Positions So we 


12 2S “So eeeeees 


$92 ge 571 


low 
@ gail 55 «677 «90 «2«40 «260 «(299 «22 «88 
7 


66 
left 


pivot right 
@ Saeedt 55 77 
right 

@3 "5 7 
right 

@ 3 55 77 
right 

@ 3 u 55 7 
right 


90 


90 


90 


40 


40 


40 


60 


60 


60 


99 


99 


99 


99 


22 


22 


22 


left 


88 66 
left 

88 66 
left 

88 66 

left 

88 66 


Since right = lefi, so interchange a[left] and a[low) to 


proper position. 


40 44 


2 33 40 44 (G3) 77 60 66 } x 0 4 


M2 3B 40 44 (G77 60 66} 8 % y 


12233 40 44 (© 77 6 6 } 8 % g 


{(88) 77 60 66 


right 


lef 


aC) 77 60 66 55) 


right left 


low high 
(@ 7 60 66 
T right left 
pivot 


right left 


left 
right 


left right 


\ 
5 


40 44 (® 77 60 66 55) o 


left 
nght 


BS 9% 99 


Teach 9. 


Now, aflefi] i., 55 is at proper place, so we do not interchange i vd 


any other element. 


i 2 33 40 44 55 iQ 


high 


low 


right left 
pivot 


60 66 } 88 90 99 


2 33 40 44 55 {7 6 66 } 88 90 9% 


left 
right 


Since right = left, so interchange afleft] and a[low] to reach 77 to its 


as 
. 


low high 


Il 2 33 40 44 55 (@ 60} 77 88 9 


left 
right 


wort right *lefl, 0 interchange a1) . 


ition. Hence the sorted list 


ji 22 33 40 44 


60 66 


Sort using quick sort algorithm, 


ih 
46, 25, 32, 5, 8, 65, 38, 47, 95 


(R.GPS 
Ws The whole process of quick sort is as fo 
low 
25 32 5 8 65 
@ right 
pivot 
O5 32 5 8 65 47 ) 
right 
55 32 5 8 65 -38 4 Ys 
right A 
@ 25 32 5 8 65 38 47 > 
right ef 
@e 2 5 8.6 Bw 47 9 
right left 
O) paees2 SS 8 6 38 47° 95 
right left 
Gye 2 5 8 6 3% 47 95 
right left 
ES 
3 *, right 
— left 
2) i a, oe eT 
E left right 
Since right > left, so interchange a[left] and a{low] to reach 36 to its 
oper position. 
low 
}) 16) 38 47 :~«—«#95} 
right left 


wting and 
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Interchange a {left} and a [right] and move left and righ) 


> jeft s0 interchange allow} and af! 


low 
® Oh ase hes lk, 7 , 
’ right lef 5 2 ] right 
pivot pivot left 
Qe eaxice » « ir lias 
right left 8) meas2 36 WMM> 6S 9 
® SE 
left 
right 
(Gy s 2B 3) % tes 3847 95) 
left right 
Since right > left, so interchange a[low] and a[left] to Teach 8g oe consider the list of elements 44, 33, 55, 22 and IJ. {f we 
proper position. ° its sing the selection sort technique, the details of this technique ime 
low high 
(s} 8 ) 165 38 47 45) 
pivot 


(5) 8 (@) 25) 165 38 47 55) 
right 


left 
Since right = left, so interchange a[left] and a[low] to reach 37 to ig 


proper place, 
(5) B 425 32) 36 (65 38 47 95; 
low high 
hs sae #1@ 3 47 95} 
right left 
ivot 

high 
5 8 5 2 wf i 47 (95) 
right left 
se Ss 666 3847-95} 
left 
right 

5 + 2 »@ ogee 47... 95} @ (xi 

left right Fig. 5.1 Selection Sort 


sorig ang searening 746 


244 Data Structures (CS) sort along with algorithm. 
1/7 In fig. 5.1, the parts (i), (ii), (iii) and (iv) are generated «,,, ptt Rae V,, Dec. 2002(V-Sem), June 2005(V-Sem)] 
iteration, similarly (v), (vi) and (vii) in the second iteration any," "hy 
iteration (viii), (ix) and (x) are produced the yt 
Algorithm — The algorithm for selection sort 1s as follow, 
selection_sort(array, size) 
where array > Represents the list of elements 
size > Represents size of the list 
(i) Current = 0 [initially] 
(ii) Repeat through Step (vii) while(current < size) 


Or 
(LGR. Nov. 2018) 


on heap sort. 
don the heap structure which is a special type of 


consists of two phases 


of the Heap 


that the almost complete constraint is satisfied. The 
with its parents key value. If K; is greater, the 


(iii) j= current + 1 
iv) Repeat Step (vi) while(j < size) added node and that of parent’s node are exchanged 
if > array[j)) s until either K; is at the root node or the parent's key 
(v) if (arrayfcurrent; nan K;- The final tree is a heap of size i. Let us assume that 
(a) temp = array[current] ‘in which the relationships in the tree are not physically 
(b) array[current] = array[j] Instead, they are implicit in the way we store them 
© {j] = temp binary tree in the array level by level, left to right. For 
(vi) j=jtl a binary tree and its corres- ponding representation as 
(vii) current = current + 1 
(vi) Exit Ul 
—During the first pass, in which the record with the smal [2] 25) 
ords are compared. In general, for the i" pass ofthe (31 [40] 
required. The total number of comparison, He {4]] 20] 
is, 15] [28] 
16) | 35] 
(7) [45] 
(b) Array 


smparisons is proportional to n”, i.e., 02) 
es depends upon how unsorted table jg 
one interchange is required, the maximum 
Thus, for the selection son, 


in heap[1] and the last node in heap[maxnodes] 
n of nodes in the heap. We may note that for 
ildren are residing in heap[i * 2] and heap 
w the parent of any node[k], we can get it at 


the following unsorted list of keys — 
to, 10, 7,22; 3, 12 
~~! 


0.12. Derive the worst rage case ¢ j 
im,  (R.GRV., June 2015) 
> building of heap using this list of keys. 


Sorting ar 


6 Data Structures (CS) 


6 eo > 8 


thm to create a heap is as follow 
Fos jreap(list, n) 
a fist => represents the list of elements 


pb? represents the number of elements in the lie" 


Q 


fe) Ske! () Size 2 fe) §) (Build heap) 
a (a) (i) Repeat through Step (vii) for k = 2,3, 4 
ORROMER of a 


(b) temp = list{k} 
obtain parent of new element] 


© Y & \) 


(@ Sie 4 (e) Size § (:) «i j=i/2 
_.. fplace new element in the existing heap] 
() (29 (20) ey J Repeat through Step (vi) while (i > 1) and (ternp ~ listl))) 
change elements} 
OOP BCR CHENG eee 
@) @&) (w) G) &) ©) () (s) G) wi) eS eS 
a) i= 
—) Size 6 on, a (b) j=i2 
(20) (c) if <i) then j=1 
, (2) (i [Copy new element value into its proper place} 
(s) (0) () (0) (i) 0 | fst{i] = temp 
—t ~ 
} vii) Rem 


4 Processing the Heap —Heap may be represented as an array 
in fig. 5.4. The resulting heap depends on the initial ordering of the 
list. For a different order of input list, the heap would be different. 


ae 
Fig. 5.4 Array Representation of a Heap of Fig. 5.3 (j) 


PUN BG 


I 14% 
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>. 


At this point, we have the heap of keys. We now have to », 
in order to generate a sorted list of keys. This means we have ,,, 
heap in such a way so that the sorted keys are output. We \,. 
largest element is at the top of the heap which is stored in the a; Tay 9, 4 
heap[1]. We interchange heap{1] with the last element in iy Re Pog 
heap[maxnodes], so that heap[!] is in its proper place. We the, —"P ag, 

array to be a heap of size n - 1. Again interchange heap[!] with j,, "iu 
adjusting the array to be a heap of size n ~ 2 and so on. At the eng “Ly 
array which contains the keys in the sorted order. Now fig. 5.5 2 We pay 
processing of heap shown in fig. 5.3 ()). OWS 


’ 
£839 Wi0M 17% £83 fy e012 
#Y .. ots ae * tet ned 
Paes LNG 
415342034225 115 s9¢ 595 
Nl eae! “cd! aA ad ad 
(j) Heap Size 1 (k) Heap Size 0 


Fig. 5.5 Sorted Keys 


ere _ list > Represents the list of elements 
n— Represents the number of elements in the list. 


index of largest child of new element] 
ifj + 1 <k then, if list {j + 1] > list [j] then j=j >! 


—— mw FS SOarohing sa. 
250 Data Structures (CS) 2 
() (G) 


(vi) [Reconstruct the new heap] 
Repeat through step (x) while j © k-1 ang ly (0) (9) So > 
(vii) [Interchange element] lay © © Ge °) 
list{i) = list) pen tS (Mem 30 tom} (oo 
(viii) [Obtain lef child] ‘ . 6 
m=) 
inari oO M 
(ix) [Obtain index of next largest child] © ob O@ O) (15) (3) Go) ® 
ifj+1<k (a) @) 
if list {j + 1] > list (j] then j =j +1 (g) Item 40 (h) Item 80 = 


else ifj >n then j = 1 
(x)_ [Copy elemgat into its proper place] 
list{j] = temp 
(xi) Exit 
0.14. Describe the complexity of heap sor. = (R.GRY., Jy, . 


Ans. Since heap is an almost complete binary tree, then it should ng ~ (j) Item 10 
K level has K — 1 number of nodes. Conversely, if it has n nodes 5 the Fig. 5.6 Building a Min Heap 
contains logsn levels. So, the depth of this tree of n nodes is log,n, i 4 Sot the sri lea mnie hcp oord 


The worst case analysis of heap sort is easier than average cq... 


10, 4, 12, 2, 14, 8, 16, 6, 18 
worst case performs the number of comparisons which is given by the q, 


of the tree. The time complexity is Fig 5.7 shows the building of max heap using the given list of keys. 
T(n) = log,2 + log,3 +.....+ log,(n — 1) (2) 
- = logyn® = n logsn (10) (10) ~*~ (12) So 
Therefore, the time complexity of heap sort is O(nlogon). To ang, (0) 
average case is difficult as compare to worst case, but it can be shown thal (4) Y® ® & 6 
ap: ; y 5 uy, 5 4 i (b) Heap Size2  (c) Heap Size3 —_(d) Heap Size 4 
0.15. What is min heap ? Create the min heap for the given data 4 ee 
6, 15, $0, 3, 33, 45, 40, 80, 80, 10 © (14) () 
_ GRY, D ye 
mS Wis (R. lec, 20) =o ®-O 6 oa) 
Ans, Min Heap — $ binary tree with n element , 
Then H is called a min he node N of H has the following prop G) C) (5) CG) ) @) 
The value at N is less than the value at any of the children of 


n hea ‘ Size 5 Heap Size 6 
Construction of min heap using this data set is shown in fig. 5.6. pi(¢) Heap Size (P) Heap Size 


_- a 


252 Data Structures (CS) 


© . 
() @ 
QOOW ® 


(g) Heap Size 7 


oan T, Sin 
© 
b ve 
: 
© (4) ® 4 6) 
ye 
} 


(c) Heap Size 7 


& (e) Heap Size 5 


(a) Heap Size 9 (h) Heap Size 2 


” Va 
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oa 
ose © 


Sorting and ¢ Je 
arc d 
25 


@ Heap Size I @) Sorted Key, Using Heap Sort — 
Fig. 5.8 
Q.17. Sort the following elements using heap sort — 
II, 56, 23, 90, 75, 39, 21, 17, 89, 4 


(R.GPK, June ny 
Ans. Fig. 5.9 shows the building of heap using the given list op 


keys. 6 
3) —~ & 
(uy) 
(b) Heap of Size 8 
(6) 
so © 
OBQ WMO O® 
(c) Heap of Size 7 
(9) 
~~ & 
O1OR® 


(d) Heap of Size 6 
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git. De pescribe insertion sort. Write its algorithm. Derive its complexity 


parse cases 


Ans An insertion sort is one that sorts a set of elements by inserting 
into an existing sorted file. 


e Peak an array of n elements A[1], A[2]...., A[n] in the memory 

‘sort algorithm scans A from A[1]} to A{n] and inserting each 

into its proper position in the previously sorted subarray Af} }. 
J. That is, 

1—A[]] by itself is trivially sorted. 

—A[2] is inserted either before or after A[1] so that A[1], A[2] is sorted. 
3 —A[3] is inserted into its proper place, ie., before A[1], between 

A(2], or after A[2] so that A[1], A[2], A[3] is sorted. 


N-—Ajn] is inserted into its proper place is Af], A(2], A[3]..... An ~ 1] 
A(2], A[3]...... A{n] is sorted. 

algorithm, we need a temporary variable temp., and k for 
passes and j for another control variable. So algorithm will be 


(g) Heap of Size 3 
> 


e temp <A{j] and j > = 0 perform following steps 
i+ 1]=AGi) 


n the value of temp to A[j + 1]. 
c of for loop structure] 


an example, to illustrate this sorting method on the following 


50 9 90 23 41 
<A[0], interchanging the position of elements, 
ap) AB) Al) ALS]. ALS 
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258 Data Structures (CS) 


How many hey comparisons and assignments are required in an 


therefore, we 
Al0] un AQ) AN3) AAS) reson list of N elements ? (R.GRY., June 2013) 
1S 25 50 9 90 23 a tee, the contiguous version of the program nenaen d to analyz 


ge. We do not specify the case when the list is initially 


Su >All position of elements remain same, off 
Pass Ap At Tha ; ier, When we deal with item |, how far back must we Bo to int rt 


Ao) Al] AL2] *Y Al4] AIS] 


‘te bei locations ~ not shifting it at all, shifting itone location, up 
Isa © 50 90 23 i 

sit i-1 locations to the front of the list. Given randomness, these 

Pass 3 — A[3] is less than A[0], ath A[2] so, insert A[3] bein Ni } y likely. The probability that it need not be shifted is thus 1/i, in 

we get, equally only one comparison of keys is performed, with no shifling of 


a 


the other hand, when item i must be shifted, happens with probability 
us start by counting the average number of iterations. As all of the 
4) rations may be equally likely, the average number of iterations is, 


142+4.....4(i- Doe (i-)i_i 


ee i-] i=l) 2 


one key comparison and one assignment are performed for each of these 
tions 3s, with one more a. comparison performed outside the loop. along 


Af) at) =A] ATS] ALAS) P 
OS a 0) 
Pass 4 —A[4] >A[3], no change takes place, that is, 41 
a) Al) A) AB) Al A ° 
PRS 25 90 23 ] 
Pass 5 — A[5] is less 9: A[3] and A[4], so A[5] is to ca ing 
before A[2], we get ed 
ajo) At) A] AL] AI] AIS) Me 
9 15 23 25 50 90 
Pass 6 Now A(6] is less than A[4] and A[5], so insert A[6] ee ag! : 
i Ap] gi ak comparisons and oS assignments. 
at) AL] AB] AI] AIS]. 
2. eda 25 41 50 a n we collectively write the two cases with their corresponding 
Ne oltiia an “Bi with sorted elements. 


mum number (i ~ 1) comparisons, which shows ‘} int fi we" 
iF 4 ria 1) 4 0s ta(ts2} i) 2 


». Show under what order of input, the insertion sort will have 
se and best-case Situations for sorting the set {142, 543, 123, 65, 
879, 572, 434}. (R.GRK, June 2016) 


Refer to Q.18. 


false [a] [alma] 


af) afl] a2) af3} a4) a5) a6] al 
— o« 


ssadoion gach pale ea 


_ suppose the elements in the array are 


G 
’ Os 13, 5, 18, 14, 20 > Does this array can be represent in INSERTION 
7 Justify your answer with all the steps? (R.GPY, Dec. 2016) 


Yes, this array can be represent in insertion sorting 
i. not order numbers. 
A“< 2, 13, 5, 18, 14, 20 > 
» the array contains the following given integers 


vat 
 eneomes 


a0] afl] (2) a{3] a{4) a5) 
1 —Since a[1] > a[0], No interchange required. 
Pe [s tela] 
af0] a{l} af2] af3] a[4] {5} 


i - Since a[2] is less than a[1], so interchange the positions of 


27s [3[ [ala 


af0] afl] af2] a[3] [4] af5) 
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Pass 1 ~ Since af!) > a[0), 80 positions of the elements rep,,, 


90 oe 


a0} aft) af2) af3) af4) af5) [6] a7) 
Pass 1 = Since a{2) is less than a[1] and a{0], interchange the bo 
of elements. “lon 


OS 
0) alt) a2) af3) a4) af5] a6) a7 


Pass Ill — Since a{3) is less than a[2), a[1] and a[0] so insert [3] be 
a{2}, aft} and af0). foe 


Od EE EE] 


MO a) eo) a3) af4) af) 06] ary 
Pass IV - Since a{4] is less than a[3], so insert a[4] before a[3)., 
[es [3 | 142 | 453 | 543 | 879 | 572] 434) 
af) afl} af2] a[3] af4] a[5] [6] [7] 


Pass V - Since a[5] is greater than a0), a[!], a[2], a[3] and aj) a 
positions of the elements remain same. : 


SS 
a0] afl} af2] [3] [4] af5] [6] [7] 
Pass VI- Since a{6] is less than a[5] interchange the positions of elementy | 
[os [3] 14a [453 | 543 | 572 | 879 | 434 
a0] aft] af2] af3] a4] a5] [6] a7] 
Pass VII — Since a{7] is less than af6], a[5], a[4], a[3], so insert a[7] 


e. 


pass 
ements: 
{ - Since a[3] is greater than a[2], a[1], a[0], so no interchange 


pass 
S ats [eT elula 


af0] afl] a[2) a3) af4] [5] 
ass IV — Since a[4] is less than a[3], so interchange the positions of 


Soon 


a0] afl] [2] a[3] af4] a5] 


Sia size) 
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Where array -> Represents the list of elements 
size > Represents the size of the list 
Step 1: [Initialize] 
gap = size/2 
Step 2 : Repeat through step 6 while (gap = gap/2) 
Step 3 : swap = 0 
Step 4 : Repeat through step 6 while (swap) 
Step 5 : Repeat through step 6 for i= 0, 1, 2, 3....i < (size - gap) 
Step 6 : if (array[i] > array[i + gap]) 
(i) temp = array] 
(ii) array[i] = array[i + gap] 
(iii) array[i + gap] = temp 
(iv) swap = 1 
[End of for loop] 
[End of inner while loop} 
[End of outer while loop] 
Step 7 : output array elements (sorted) 
Step 8 : Exit 
The unsorted file sorted by shell sort is — 
11, 88, 22, 77, 33, 66, 44, 55 
Pass] ll 88 22 77 33 66 44 55 


sens L=——I 
P a as 


Pass? il 44 22 77 33 66 88 55 


Span =3 it 2 
. | _ _ ee 
| ee 
Pass3 «11 33-22-77 44 66 88 55 
Span = | ; — 
Sone 233M | Pus 


0.23. What is merging ? 
discuss the complexity for it. 


merge sort works as follows 
the smallest elements of A and B after finding the smallest, puy 
list C, the process is repeated until cither list A or B i» empty 
jace the remaining elements of A (or perhaps B) in C. The new list ( 
the sorted elements which is equal to the total sum of elements A 


int? 
‘ss 
gf? Algorithm — Given two sorted list A and B that consists of “X” and “Y 
of elements respectively. This algorithm merge the two lists and 
umber anew sorted list C with total sum of “X” and“Y” number of elements, 
variable “P, ” and “P,” keep track of the location of smallest element in A 
. Variable P, refers to the location in “C” to be filled. 


no ers 
: =]; 
—_ ~ = 1: 
r Gi) Loop comparisons 
Repeat while(P, s X and P,, < Y) 
if(A[P,] < B[P,]) then 


set C[P. ] = A[P,] 
set P,=P, +1 
. “set P, =P, +1 

"ee 
—— ctPJ=BIP4I 

set P= P, +1 

set P)=P,+1 
(iii) Append C list with remaining elements in A (or 8) 
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’ 
gh e AlPal and BIPy| (A[3] and BI1)) 


(iv) Finished com » BPs): (10 > 7), so put 7 in C[P,| 
{Ps} 


Example - Suppose two sorted lists A and B are as follows 

A 1S Wowie 23 30 

B: 7 14 21 28 35 42 49 $6 | 

The process oft merging and sorting is illustrated below, which wii] Pog \ 
a new sorting list C. Neg 


Initially : P, = 1 

Pye! b 

| ae | 1d 
Step 1 25 P+ il 
Compare A[P,] and B[P,] (A[1] and Bi1}) - P. = 4 


A[P,] < B[Pp}, (1 <7), so put 1 in C[P,] 
10 15 20 25 30 50 
14 21 28 35 42 «+49 «(56 63 


4 
TS and B[P,] (A[3] and B[2}) - 


<B[P,]; (10 < 14), so put 10 in C[P,] 
20 25 


30 50 


a a 

P= 42 49 56 63 
‘= 

P. =P.+1 

P, = 


Step 2 

Compare A[P,] and B[P,] (A[2] and B[1]) - 

AIP,] < BP], (5 <7), so put 5 in C[P,] 
rooms. 30 50 


4 2 2 35 «42 «49 (56 


Compare A[P,] and B[P,] (A[4] and B[2}) - 
A[P,] > BIP,], (15 > 14), so put 14 in C[P,) 


Bs, 


Sorting and Searching 267 


266 Data Structures (CS) 
P=4 
P= P+ 
PB, =3 
P, =P, +1 
P, =6 


Step 6 
Compare A[P,] and B[P,] (A[4] and B[3]) — 
AIP,] < B[P,]. (15 < 21), so put 15 in C[P,] 


j and B[P,] (A[6] and B[4]) - 
< 28), so put 25 in C[P,] 


P, =P,+1 
P,=5 
P, =3 
P, =P, +1 
PHET 
Step 7 
Compare A[P,] and B[Pp| (AIS] and B[3]) - 
“APIS BIRD 0-520 o put 20 in C{P.] 


[P,] (A[7] and Bi4]) - 
Eeaint 28 in C[Pe] 
5 x 30 50 

De ay 42 49 «(56 «(63 
fio 1415202125 
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a Structures (C 4 j and BPI (A(8 an 
wf pe 50 . 49), so put 49 in ( [P.) 


Step 11 p? 
Compare Af?) and B[P,] (A[7] and BIS]) = “of 
* 7 50 
AIP.) < BIP,), (30 < 35 ), so put 30 in C[P,] ty) eee x 
Ww 56 «663 
20 21 25 % 0 é 


Pp, =3 
P, =P. +1 
P. =12 
Step 12 
Compare A{P,} and B[P,] (A[8] and B[S]) — 
AIP,] > BIP\), (50> 35 ), so put 35 in C[P,] 


Ait & 6 SB BB 3H 50 


B: ¥ MW mw 3 42 49 56 63 
10 14 15 20 21 25 28 30 35 


ad Be, AIPal and B[P,]| (A[8] and B[8}) ~ 
com [Poh (50 < 56 ), so put 50 in C[P.] 


M6 6 OB M36 


pas 
ee yk Hh BH 56 63 
7 1014 15 20 21 25 28 30 35 42 49 50 


c: 1 

P, = =P,+1 
Py =P,+1 , 
i= a 
P, =P.+1 ®, =8 
P, =13 co 

Step 13 ep, =16 

Compare A[P,] and B[P,] (A[8] and B[6]) - ~ step 16 

A[P,] > BIP,], (50 > 42 ), so put 42 in C[P.] Append the Elements of B in C - 


50 ‘AsP, > 0, put all the remaining elements of B in C and increment P, 


p, respectively by 1 until the list B is also empty. 
“Py HK MH 4 HH 
Bia Mal HB 3 ww 6 63 


iN SHSM 3H 
: Tn BBM 9 56 63 


5) fee eee 2) 25. 28, 30 35 


P, =8 
P,=P,+1 

er (ees) 7 10 14 15 20 21 25 2830 35 42 49 5056 
P, =P.+1 P,=9 

P,=14 P, =P, +1 


list of elements as 


Cognit 95, 20, 60 sort the sequence walng MeTKE «Hh Nu 
_—=——— (hGPYV, De Mit, 


1- Following list are obtained 

{50,40} [20. 70} [15. 35},[20,60] 

ing sorted two sublists are 

p™ —§0,40,50, 70/15.20, 35.60] 

CMisores sorted lists are obtain after merging the (wo sorter 


Hh aw 


710 14 15 20 21 25 28 30 35 42 49 505 
6 


on > 
aS 
wn % 


R99 
PLaP,*! [15,20, 20, 35,40, 50, 60,70] 
ne? 1 is a stable sorting algorithm ? Which of the sorting 
Feet i seen are stable and unstable using a suitable example ? 
P, = 18 sort is stable. (R.GRV., Dec. 2016) 
Now, P, >; this shows that B is also empty finally we have a sorteg a ‘stable Sorting Algorithm — Refer to Q.2. 
list C as follows — several stable sort algorithm are given below 


C=(1, 5, 7, 10, 14, 15, 20, 21, 25, 28, 30, 35, 42, 49, 50, 56, 63) 


Complexity of Merge Sort — Given two lists A and B, that consigy ¢ 
*x" and “y” number of elements. A new sorted list “C” is obtained Which 
has z=x + y, number of elements. It can easily be observed that ca 
comparison assigns an element to the new list “C” which eventually hag 
elements. If n = z, then the comparisons cannot exceeds n, therefore, 


sertion Sort — Refer to Q.18. 

ye Sort — Refer to Q.23. 
ral unstable sort algorithm are given below 
on Sort — Refer to Q.10. 


f{n)<n = O(n) 
Note — We have another method for merge sort — let a list “A” with sy» ( ~ Refer to QS 
clement is given, the merge sort method which sorts a given list works ay Heap Sort — Refer to Q.13 


“After the pass i, the list A will be split into sorted sublists. Each sublist wij 
contain exactly T = 2! elements, except the last sublist which may have Jes, 
number of elements than T. 


(0.24. Compare merge sortand quick sort algorithms in terms of si cell 
space required to execute them. (R.GRV,, Dec. 2013) 


Ans, Refer to Q.23 and QS. 
5. Explain how merge sort sorts the following sequence of numbers 
using a diagram {142, 543, 123, 65, 453, 879, 572, 434 }. 
: (RGR, June 2016) 

Ans, Initially % 

{142} {543} [123] 65) (453) [879] [572] [434] 
Pass 1- [142 $43] [65 123] [453 879] [434 572] 
Pass II [65 123 142 543] [434 453 572 879] 


7 [65 123 142 434 453 543 572 879] 
+1 << q 


» Sotting ay , 


and hence use only the first 10 pockets of th 


reverse-digit sort on numbers. It means that 
Paola of cards where cach card contains a 3 
jn columns | to 3. The cards are first sorted according 
onthe e second pass, the cards are sorted according to the 7 
j last pass, the cards are sorted according to the hur red d d 
pe toiegxan illustrates this ~ suppose 9 cards are punche 
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In counting sort, let assume, A[|....n) represents input. Ang 
Two more arrays are necessary = the array BiI.....n] holds tho 
a —™ and +e working storage is given by (19 ny 4 

] 


fis 
, We 
iE 


‘pOoooooo 
en123 48 
-AOBnon 
(@ 
EELELT ees 
() 
12 . ae 
42% 2 $3 eos 5 6 7 
frit} -LLELLEry 
£ ~ Fig. 5.11 0 


Hence counting sort is stable because number with the same value aDpear 
in the output array in the same order as they do in the input array. 


0.28. Explain radéc sort with the help of an example. 
Ans, Radix sort is the method that many people intuitively use whey 
alphabetizing a large list of names. (Here the radix is 26, the 26 letters of the 

) Specifically, the list of names is first sorted according to the first 
letter of each name. That is, the names are arranged in 26 classes, where the 
first class consists of those names that begin with “A”, the second class 
__ consists of those names that begin with “B” and so on. During the second 
pass, each clas is alphabetized according to the second letter of the name, 
weal ia ot 1 pe Ti than 12 letters, the names 
are with at most 12 passes. The sort is the method used by 
a card sorter, A card sorter contains labeled as follows - 


Neng 


to ‘card sorter, the numbers are sorted in three phases, as shown jr 


, 143, 361, 423, 538, 128, 321, 543, 366 


(c) Third Pass 
= Fig. 5.12 


a row on acard i in which a hole 
«is 10, are punched in the 


my Af 
rocess of bubble sort 1s illustrated below 
Pp za 
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(i) In the first pass, the units digits are sorted into pockey, on 
pockets are pictured upside down, so 348 is at the bottom of pocket g) * 
cards are collected pocket by pocket, from pocket 9 to pocket 0. No,, ps! {0} and af] 
361 will now be at the bottom of the pile and 128 at the top of the Pile), 7 a ane 
cards are now reinput to the sorter. . ae = 
(ii) In the second pass, the tens digits are sorted into pockets, Apa (a{0] < a[1]), so the resultant list is 
the cards are collected pocket by pocket and reinput to the sorter. 
(iii) In the third and final pass, the hundreds digits are Sorted ing 


3<10 


Ps Ts To T3ts [2 
pockets. 2 a{5] al6 
When the cards are collected after the third pass, the numbers are jp , fo) afl] al2] a[3] af4] al ] af6) 
following order — he 
128, 143, 321, 348, 361, 366, 423, 538, 543 

Thus, the cards are now sorted. 

0.29. Write a short note on complexity of radix sort. (R.GRV., Dec, 2098, 

Ans. Suppose a list A of n items A}, Ag, .....- » Ay is given. Let d deng 
the radix (L.e., d= 10 for decimal digits, d = 26 for letters and d =2 for bj 
numbers), and suppose each item A; is represented by means of s of the digits” 

Ay = diy diy sarnrnres dig 

The radix sort algorithm will require s passes, the number of digits ;, is 
each item. Pass K will compare each dj, with each of the d digits. Hence, t,, 
number C(n) of comparisons for the algorithm is bounded as follows — 

C(in)<d*s*n 

Although d is independent of n, the number s does depend on n. In the 
worst case, $ =n, so C(n) = O(n’), In the best case, s = logy n, so C(n) = Oy, 
Jog n). In other words, radix sort performs well only when the number g of 
digits in the representation of the A,’s is small. 

Another drawback of radix sort is that one may need d*n memory 
locations. This comes from the fact that all the items may be sent to the same 
pocket during a given pass. This drawback may be minimized by using link 
lists nde tape ete the items ee a given pass. a, Bx pal0] aft} a2] a[3] af] af5] a6] 
will still require 2*n memory locations. Compare a[3] and a[4] — 


0.30. Here is an array of 6 integers (unsorted) — 
sent ented ote nie enn | LST TOTOT 
radix sot Draw the array diagram foreach iteration ees as “a 
(RGRY, June 201) | af0] af] a{2] a[3] a[4] [5] [6] 
Since 10 < 13 (a{3] <a[4)), no alteration takes place, so the resultant list is 


a Tste to Tsys] 2 | 


a0} alt] af2) a3] af4] [5] af6) 


gre af] and a[2] - 
Ss T@TOTs [sts 12) 
af0] aft] af2] a[3] af4] a[5] [6] 
10>5 (a[2] < a[1]), interchange 10 and 5 
Pats Pets Ts[s [2 | 
af0] a{1] a[2] [3] a[4] a[5} a[6) 
compare a2] and a[3] ~ 
PaJs [@JO[3[s 72 | 


al] afl] a{2] a[3] [4] a[5] a[6] 
10> 9 (al2] > a[3]), interchange 10 and 9 — 


Bis Tole sts] 2 | 


Ans. Bubble Sort - Initially. 

An array consists of 7 elements as— 
af0] afl] af2] af3] af4) afS] a[6] 
3 10° soa Se 12 


Ba 


” 
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Compare a[4] and a(S] - 
Pats [eT [@[@] = | 
a0] afl] af2] a{3) [4] a[5] a[6] 
Since 13 > 8 (a[4] > a[5]), interchange a[4] and a[5]. 


a0] afl] [2] af3) a[4] a[S5] a[6] 
Compare a[5] and a[6]— 
Pats to Tels (Ole 
a0} afl] af2) [3] af4] a[5) a[6] 
Since 13 > 12 (a[5] > a[6]), interchange a[5] and a[6 


PsTs[oTope] 2] 3 | 


af0} af1} a2] a[3] af4] a[5] a[6} 


‘At the end of first pass, the largest element 13, has moved to the last 
position and second largest element 12 has moved to the position a[5]. 


Pass II — 


EE 


af} a{1] af2] [3] [4] a[S] a6] 
Compare a{0] and af} = 


(o)(o) Ee Es a 

af] afl] af2] af] a4] afS] af6] 
Since, 3 <5 (a{0] < afl), no alteration takes place. 
Compare a} and af2] 


af0} af1] af2} a3] [4] afS]a[6] 
Since, 5 <9 (a{1}< af2), no alteration takes place. 


—s.. -- 
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Compare af1} and af2] - 4|5|6[7[ay9 


DIOR TTT 
af0] afl] af2] af3) a[4) af) al] 
Since, 5 < 9 (a[1] <a[2}), no alteration takes place, 


TsteTsTelep 
ef] aft] a2) a3} af] a5] fey 

Compare a(2}andaf3}— 
 BIESTOOrT2T> 


af0] afl] af2] [3] a4) a[S] fo) 
‘Since, 9 > 8 (a[2] > a[3]), interchange takes place. 


afr i 
A a0) 8] ald] a(S} af6) 
end of tid 


r ourth largest element 9, has Moved to 
element; it is sorted after three yo 


i e 


TORCOR ORC OM ORC ORT) 
(c) Array Diagram 
Fig. 5.13 
fe various sorting algorithms and mention their time 
[R.GP¥, Dec. 2007(1V-Sem), June 2009] 
Or 
plexity of various sorting/searching algorithm as per 


Ager | Besse | arergecne | Wont 


(R.GPV., June 2010) 


SS = - = = 


a Gaal BASIC SEARCH TECHNIQUES - SEQUENTIAL 


n(n—1) ‘ 
pa BHD oe) " SEARCH, COMPARISON OF SEARCH 
3 ~ THODS, HASHING & INDEXING 
Average case ~ > = O(n’) 
7 2 write hing. 
; O(n?) short note on searching. 
a oan i [RGR¥., Dec. 2002(V-Sem), June 2003(V-Sem), Dee. 2014) 
(iii) Insertion Sort — 
n(n-1) : 7 ecm 
Worst case ~ Se Ofna") ae 
d having one or more fields. The fields which are used 1 
1) we di k 
-Us 2 the records are known as keys. While searching, we ar 
verage case = = O(n?) h among s keys. While searching, we a 
“ pi 4 a record that contains other information associated with the key 
Best case ~ O{a) given a name we are asked to find a telephone number or given 


at number, we are asked to find the balance in that account 


(i) Quick Sort - ot cul ae 
° n(n+3) > "A key may be contained within the record, as discussed in example of 
a On") p » directory, at a specific offset from the start of the record. Such a 


‘Worst case ~ 
‘Average case - 1.4n log, n= O(n log, n) an internal key or an embedded key. There may be a separate 
as O(n log, n) that includes pointers to the records. Such keys are called external 
se Bestcase 4 ere are many records, then it will be necessary to store the records 
fs) Merge Sort~ storage. This kind of searching where most of the table is kept 
Worst case ~ n log, n= O(n log, n) storage is called external searching. Whereas searching where 
‘ ‘Average case— n log, n= O(n log, n) le to be searched is stored entirely in the main memory is called internal 
Best case — » " O(n log n) ‘There are two searching techniques — linear search and binary 
d linear search is the simplest of all search techniques that searches 


e entire table. The binary search is an efficient method which divides 

one-half and searches in each half. If the key is matched with the 
then the search will terminate. 

be about the requirements of a search algorithm. 

trieving the information is the necessary and most important 


the computers. When we give one of the information (key) and 
-ask to find the record that contains the information that associated 


ching algorithm is an algorithm that takes an argument and tries to 
d for that argument, This algorithm may return the entire record, 
‘return a pointer to that record. It is possible that the search for a 
argument is unsuccessful, that is, there is no record with that 
as its key. 

ny programs, searching is the most time consuming part and the 
of a good search method for a bad one often leads to a substantial 


j >in speed. 


arise — 
Ss f compa js present + aT ic 
OF ed recon fe, If the desired t& 


rec) 


iF « r 
282 Data Structures (CS) wo pine deste arison is mac ao ide ifthe de sired 106 
i i ec -omparisons are made. v 
; We sear! ed data sgl: 0 = o comp _ 
For a given key K; we can search the desired data from th. te ee only tab es risons Gave tobeimade, {f the record is pr 
4 oe on 


mE ne” geal” 1 cc 

Je he * ne? table. 
in nine: geare? ta asoottl 
yer iene worst c& 
ww F 

1/2 tion- 
fu ef exeot ve the advantages of sequential search ? 
a * 

: 3h “t ges of sequential search are given below — 
o sae simple and easy method. 
fficient for small lists. 
rting of items is required. 


on an average, the number of compar! 


ciency of this technique is O() stands !0 


records that has been stored and have K distinct keys. TWo cases q,, 
completing the search. Sey 
(i) The search is successful, after locating the desireg | 
By 


containing the key K;. 
(ii) The search is unsuccessful, after determining that the key 
found no where. kig 
If there is a list of items and an item i 
are two main requirements of any search algorithm — 
(i) The search time should be independent of the size of the li 
(ii) Search time should be independent of the position of the item 


is to be found in the list, the, 
then 


ay It is © 

the list “ No $0 
is ntages of S ie 

In brief we can say that there should be predictability in the search ti » 3be what are the ie eamaladiad ae eee Si 2019) 

complexity. Itmeans that there should not be such variation between the 03 GPM, June 

complexity for worst and best cases. 

0.34. What is sequential search ? Describe the algorithm for sequey, Ans. 


search and its efficiency. 


tages of sequential search are given below — 

[tis not suitable for large list of elements. 

@ jt requires more comparisons. 

what is pinary search ? Describe the algorithm for binary search- 
Or 


Ans. The simplest search technique is the sequential or linear search, 19 
this technique, we start at the beginning of a list or table and search for 4 937 
desired record by examining each subsequent record until cither the desire binary search by giving example. (R.GRV., June 2006) 
expla Or 


record is found or the list is exhausted. This technique is suitable for a tabje 

organized either as an array or as a linked list. It can be applied to an unordere, 

table but the efficiency of the search may be improved if the list is ordereg, (R.GRV., Dec. 2010, Nov. 2018) 
Algorithm — The algorithm for sequential search is as follows ~ 


Linear_search(L, n, Element) 

Where L — represents the list of elements. 
n— represents the number of elements in the list and 
Element — represents the value to be searched in the list, 


net rt note on binary search. 
write sho 


es the search for a name in a telephone directory. The approximate 
entry of the table is located, and its key value is examined. If its value 
h, then the key value of the middle entry of the first half of the table 


(i) [Initialize] 

= a Ney Se ned and the procedure is repeated on the first half until the required 
iy ; sep i) forK= 1, 2,0 nd. If the value is too low then the key of the middle entry of the 
(ii, —. jes Aa half of the table is examined and the procedure is repeated on the 
(a) Flag=0 = d half. This process continues until the desired key is found or the 

__ (b) Output “search is successful” th interval becomes empty. 
(iv) If Flag output “search is unsuccessful” Binary search starts the comparison of key K with the middle key of the 
table of N records that have N distinct values, i.e., K, <K, <K, <...<Ky- 


(v) Exit 


Efficiency of Sequential Search — The time f 
eee ts insta ie Se am E 


efficiency of the technique. AL i” ~ 
. - * 


Tesu It is that which half of the table is left that should be searched next 
n this method is applied until the desired record is searched, or the end to 
is reached by comparing every time ‘K’ to the middle key of the 


— 
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Selected half. The binary search uses two pointers 


lower and upper limits for the search ew thy i Lil | wo | MN i | ay 
IfK is in the table, means the record is present in nH, @ wa wl el 
i ret 


Sorting and Searching 4n6 


the table » 


This condition should be followed " 
K,<K<K, “thy wee 
The search is unsuccessful if the upper limit is less tha ‘ 
8 less tha ««all]?No 
We can obtain the middle key of the table as lowe, ling Is aS ai hone steps with 
Nip J 
_itu Sal pem+ Land us 2 


> 


Suppose given a table of records Rj, Ro, R....., Ribas 

sy Ky, N distinct keys respectively, such that K, < K, < K ing kK, k 

we can write an algorithm for searching K, as follows > ~~ <K Sk 
; Ns 


pout No 
B eQt22=2 


rs Pu Ta Two Ta Ts [00 


1. [initialization] tet | al a 4 ). (4 
set: =0 I 
sttu:=N-1 m 
2. floop, Get the mid point] u 
Repeat step 2 while (u > = /) Is 24==al2] ? Yes 
set m = (7 + u)/2 retumn(2) 
if (K= K,,) then Write search algorithm and obtain the worst case and 
message : “Successful search” ae isa we (R.GRK, June 2013) 
a ns. Binary Search Algorithm — Refer to Q.37. 
eS oo Complexity - Each comparison in the binary search tree reduces the 
om D umber of possible candidates by a factor of 2, Thus, the maximum number 
of key comparisons is approximately logn, Thus, we may say that the binary 
pees Ren, i search algorithm is O (log n). The running time for the worst case is 
“fend loop} approximately equal to logon. One can also show that the running time for 
3. -Rewm average case is approximately equal to the running time for worst case. 


Consider the example and let we have an array ‘a’ of elements 
3 ieee Gs 45 — 80 
and we with to search for 24. Then we apply this algorithm as follows _ 
Is />u?No 
m=(0+6)/2=3 


[3s Tn Ts [90 [3 Fas [00 | 


oO ° 41- 6) [6] 
—. 


0.39. What are the advantages and disadvantages of binary search ? 
Ans, Advantages of Binary Search — 

(i) Itismore efficient than linear search for large number of elements 
inthe list. . 
(ii) For large arrays, this method is superior to the sequential search 
because of the division of the array to be searched into two equal parts. 

(iii) It requires less number of comparisons, 

_ Disadvantages of Binary Search — 


“ u 
Is 24'= = af} 7No Fe , (i) It requires sorting of items. 
24 < a[3], repeat steps with (ii) An insertion of new record requires than many records in the 
7=0 and u=m="i= geen table be physically moved in order to preserve the sequential ordering. 
Is />u?No lly ely gall hy (iii) The ratio of insertion time or deletion time to search time is 


m=(0+2)/2=1 one for this method. 


> / 
Sort) - 
2ONINng and Sear: hing aay 


s. In worst case the number of comparison is stmost low ( 
oy icin algorithm when composed to linear search but th 
ei be sorted before doing binary search. 
ps M3. Write down the comparison hetween various searching methods 
The comparison between various searching methods are a8 follow 
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0.40. What are the different types of search techniques ? 1 7 
one which is more efficient among them. (R.GPK., pp, “ny, 
Ans, Searching is used to find the location where element is availa 
not. There are two types of searching techniques, namely ley 
{i) Linear or sequential searching. 
(i) Binary searching. 
Binary search is an extremely efficient algorithm. This search too, 
searches the given item in minimum possible comparisons. 
Binary Searching - Refer to Q.37. 
; What do, you understand by sequential search and binary seq 
noun grates (GRY, June om, 


‘ Linear Search — Start at the beginning of the list and check 
> element of the list. Very slow order O(n) but works on an unsorted list 
6, (ii) Binary Search — This is used for searching in a sorted array 

the middle element of the array. Ifitis too big. Repeat the process in the left 
pe the array, and the right half if it is very small. In this way, the amount of 
pale requires to be searched is halved every time, so the time is Oflog n) 
E (iii) Hash Search — Searching a hash table is simple and fast, find the 


Mig 


‘Ans, Sequential Search - Refer to Q.34. 
: Ams Sequential 3 Q for the item you are looking for then go to that index and start searching 
_ Binary Search ~ ad - : : ‘as long as you do not find what you are looking for or you hit a blank 
__ Record —Group of items is known as structure. Structure is also known ‘The order is close to O(1) depending on how full your hash table is. 
‘as record. (wv) Binary Tree Search — Search a binary tree is easy as searching 


table. But it is slower. Start at the root, then go down the left subtree if 
ot is very large and the right subtree if it is very small. Repeat as long as 
h what you want or the sub-tree you want is not there. The running 
1) in the worst case and O(log n) on average case. 

e the element 39 in the following list using binary search. 


35, 37, 39, 43, 63, 80, 88 and also write the algorithm of binary 
(R.GPM, Dec. 2015) 


to the records. This type of wn as external. There is minimum ong 
i whit is known as primary key. Although, 
if any field of a record key in a specific application. It is not 
peda ¢ ‘at ique. When the state is used as the key for g 


search, It will pr bably not be unigue, there can be two records with the same 


s, Binary Search Algorithm — Refer to Q.37. 
data which is stored in increasing numeric order is — 


18 24 35 37 39 43 63 80. 88 


state in th p pilen aon ex seconctery Ke: pe hee 
que keys, other permit for duplicate keys. If adopting : 
spi rate pin deeper know bien WW 2) GB) 4) G5) (4) (7) (8) (9) (0) 
keys are unique and ensure that the chosen algorithm is right fe have to find the location of X = 39. We first initialize the variables 
4 between i * Low = | 
differences sequential search and bj 
What are the  betwees and binary ; mio 


w, we check Low < High and set Middle = 5 
e compare 
X>K[Middle] 
~ 39>37 
en Low= Middle + | 
_ Low =6 
check Low < High and set middle = 8 
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Sorting ane S¢ ares 


Now, we compare ie needed. What if we keep the array size down,» 
X<K{[Middle] , need (array of 100 elements) and just use the la " nea 
30<63 each student ? For instance, the element ' f re oe 

Then, High= Middle 1 rd [74], OF student 53374 
High=7 ; ; 

Again, we check Low < High and set middle = 6 tbe Explain various techniques used to build hash functions 

Now, we compare o 
X=K{Middle} various popular hashing Sunctions with suitable examples, 
30 =30 = The hash function Senerates a random address of the location In 

Now, search is successful and location is 6. ast, index function gives the sequential location of an array entry, 

_ OAs, What do you mean by hashing ? _ leary ? Expign “gome popular pasting functions are as follows - ve 
ak, p A (R.GRM, Dec, 20) 4) ~ (i) The Division Method —The most commonly used hash function 


ne division method in which H is defined fora number ‘m’ which is greate 

e number ‘n’ of keys in ‘k’ as — ‘cial 
Hk) - { mod m, hash address range from 0 to (m~1) 
Kmod m+1 hash address range from | to m 

Example — Let k= 35, m= 11 then 

ww H (35) = 35 mod I1+1 = 2 +1 =3 

. number “m is to be chosen a prime number or any other number 

small division, so that it minimizes the number of collisions 


Midsquare Method — \n this method, the square of the key is 
the key is multiplied by itself and address is obtained by selecting 
ite number of digits from the middle of the sequence thus obtained 
pon the size of the table the number of digits are chosen. Suppose 
key number 3205 is given, then its sequence results into 102720025. If 
digit address is needed, then position 4" and 5" could be chosen, 
dress 72. We emphasize that same position of k? must be used for all 


"Explain hash function in detail. (R.GRV., June 2012, Dec. 2012, 

"Ans If the location of the record within the table depends only on yy, 

jie of the key and not on the locations of other keys, we can retrieve each 

key in a single access. The most efficient way to achieve this is to store each 

record pret <a from the base appli¢ation of the table. This Suggests 

the use of arrays. ° record keys are ittegers the keys themselves a, 
array. 


serve as the . Ps 
f tein ah pprogch to convert a key into an integer within a limi, 
range. This key to transformation is known as hashing function 
ae ei -(K) i in address space (A). Thus, a hash function 
de e record may be located for the given key 
can be denoted as — 


(iii) Folding Method — In this method, the key is partitioned into 

d parts, all the parts have same length except the last part. These paris 
ed together, ignoring the last carry, to obtain the hash address for 
OR gates can be used for the addition if the key are in binary 
€ are two types of method used for the addition, first the fold- 
od and second is the fold-boundary method. If a key 35678943 
ed into 2- digit address, then by using fold-shifting the addition of 
89, and 43 yields, by using fold-boundary method, the addition of 53, 


STD_ID. If we store the eb 


(o) fultiplicative Method — \n this method, a real number © such 
c is selected. For a non negative integral key k, the hash fupe" on 
- 


H(k) = [m (Ck%1)] + | 


Sorting and Sure 


are two bi clASSeS OF Collision ro solution techos 
rere m technics 
1) Chaining 


rm, 
The Simplest Method to resolve 4 collisinn 


location Where th 

. © the collision occured) ang 
on tial search the idea is to place the rey ord in the next ava 
ny in th 


@ array. An empty location through the table for Hen,, hie 
in straight line and it is therefore Called linear probing. Tye 
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Here, Ck%61 is the fractional part of Ck and [ ] denotes th. of 
integer less than or equal to its contents. This means multiply the ke, by tay 
number between 0 and 1, take the fractional part of the produc, 1 

random number between 0 and | which depends on every bit of the ier ‘ 
waa =1.1f Cis chose, Prope 
(v) Digit Analysis - The method forms addresses by Selectin 
shifting digits of the key for a given key set, the same Positions i 
key and same rearrangement pattern must be used. Digit positions are anal 
and the ones having the most uniform distributions are selected. 
Example—A key 7654321 is transformed to the address 1247 by see. 
digits in position eter by reversing their order. There ate mat 
‘other hash functions which may be used depending on the set of the ke. “Y Eo then it becom 
be hashed. If'a = erage contain integers they must be sts. to ae join them and the distribution will become progressively 
A heft lying any of the hashing function explained ¢,) un , pS a } . 
and as if key consists of sea letter may be converted to dais ‘ “wo techniques to minimize this primary clustering are as follows 


with the sh address (the 


lable 


, to the first location of the array. 
major drawback of linear Probing is that as the table becomes about 
is a tendency towards clustering; that is record start to appear 
ings of adjacent position with gaps between the strings. Thus, the 
searches needed to find an empty position become longer and longer 
blem of clustering is essentially one of instability; if a few keys 
mly to be near each other, then it becomes more and more likely 


% to letters A to Z. (1) Random Probing — This method generates a random 
using 01-26 corresponding 4 ¥ : of positions instead of a linear sequence as in linear probe. This 
0.47. What are hash function ? Write down veare, oe 4° hash m sequence should be able to generate every index of the array exactly 
function name. age re 2015) Random probing is excellent for eliminating clustering but it tends to be 
Ans. Refer to Q.46. ‘than the other techniques. 
0.48. What is meant by collision ? What are the two classes of collision ‘ (2) Quadratic Probing — If there is a collision at hash address 
resolution techniques ? Describe in brief. nethod probes the —* location h+1, we 4,h+9,... That is 
a i? % hash size) for i= 1, 2, ..... gives the i®* hash of h. 
What is clustering in hash table? Describe various methods of collision e disadvantage of quadratic probing is that it does not search all location 
resolution, = (R.GRY, June 2013) Although, the problem of primary clustering is eliminated by using 
4 Or 


mA eed ? (RGRY, Dec. 2015, 206 s, another problem arises. Different keys that hash to the same 


Ans, Hash collision is the situation that occurs when two non-identica) 
‘Keys are hashed into the same location. For example, let us assume that there 
are two non-identical keys KI and K2 map to the same address. When g 
record with key KI is entered, itis inserted at the hashed address. pt When the different address for x, and x,. We can use the hy as primary 

ith key K2 is entere Mi is hash ™ ide h fon and h, as the rehash function. The functions h, and h, should 
ss that of K2. = Seaton a 1 So as to distribute the hashes and rehashes uniformly over the array 


d to minimize clustering. 

may be defined as a hash 
e. It means no collisions 
tunately it is not always possible 
g key set, therefore, we must find 


“Sy 


. The method to avoid secondary clustering is dowble hashing. For 
, if hy is the first hashing function which generates the same address 


_—_ 
oe we cs) Wy Sorting and Searching 


may Fequire Varying-sized buckers fe. 
Separate from the prime area, The prime area has the part of the ,, cee jigs hi wate buckets fr eficiene 
Which records are initially hashed. Bach record in the primary 4, . tq fol comp tn hashing ri “om Ramamohanarao and 
pointer field to maintain a separate linked list for each set, Of colliding 5, a hae 


second linear hashing fj) 
} ai dina ng Hile, records that overflow thar 
overflow arma. , i 
Si al \ ge ina third, and so on. More than three areas are rarely needed 


are several techniques that eliminate the need for separate, dex} 
aw areas. Mullin suggests using chaining within the linear hashing fi . 
the most recently expanded STOUp Is used to contain overflow ’ 
ye suggests that every kth bucket in the Primary area be reversed for oy 
with the hash function Suitably modified to avoid the overflov 
n also suggests the possibility of using linear rehashi 
gow records. When linear rehashing is used, it is more 
ent each partial expansion in several sweeps of step size > | 
ard among the groups ng], ng~ | - 5, ng-1,-2 *s, and so on; the 
4 step would expand groups ng 2, ng-2~s,ng-2-2*:, and so on 
- rehashing can also be combined with the separator method of Gonnet 
son to allow one-access retrieval and eliminate the overhead of ov erflow, 


(ii) Static Tree Tables —Fig, 5.16 


| yethe two possible binary search tees fr ©) (it) 
‘of the reserved words of SPARKS. 
3 termine whether an identifier X is @ cs) S 
l binary search tree, X iscompared  epeai Cloop)) (nie) 


are 


> 


edie edd 


a 
el Fig. $15 Hash Table in Chaining Technique 
) Itis possible to keep only the header nodes in the array and the actuay 
records are kept in the linked lists. Along with the i header node, the 
bas link tothe list ofl records that hash into the same address a thay 
Such array is called the hash table. 
To search an element into such a structure, apply the hash function 4, 

the key to obtain hash value, Ifarray has null atthe hashed address, mean 
that the corresponding link list is empty and the required record is not thers 
which may be inserted 


> empty list. Otherwise (if the link list at hashe 
ay search the link list for the desired key. ip 
record at the end of the linked list in th. 


TfX is less than the identifier in 

the search continues in the left Coon) 

equals the identifier in the root, (a) (b) 

sh terminates successfully; otherwise ig. 5.16 Two Possible Binary 


, storage isneeded to store the pointer using chaining continues in the right subtree. Search Trees 
es it much better than open addressing for constantly SEARCH (T, X, i) 
nba. h the binary search tree T for X. 


has fields LCHILD, IDENT, RCHILD, Return i=0 if X is not in 
return i such that IDENT(i) = X. LCHILD (empty binary tree) 
(empty binary tree) = 0.// 

icT 

While i #0 do (it) 


W) :X<IDENT(i): i < LCHILD(i) Ome 
X = IDENT(i): return 
i) xX 
end 


ms in order to find the desire 
h | we compute the location of 
access. This avoid the 
lion (or offset address) of 
only on the given key 


=> IDENT(i): i RCHILD(i) Fig. 5.17 BST 
Corresponding to a 
Binary Search on the 


BcARcH File (do, if, stop) 


tatic tree tables. 
(R.GRV., Feb. 2010) 


294 Data Structures (CS) “eS 


Every sorted file corresponds to a binary search tree. For instance. 
search onthe file (if stop) comespos towing sloth SEARCY 

the binary search tree of fig. 5.17. While this tree is a full binary tree. ~*~, 
not be optimal overall binary search trees for this file when the iden." 
searched for with different probabilities. In order to determine ay ee a 
binary search tree fora given static file, we must first decide on a cost, may 9 oF 
for search trees, In searching for an identifier at level k using algony ‘Sie 
SEARCH, k iterations of the while loop of lines 2-8 are made. Since this "thy 
determines the cost of the search, if is reasonable to the level umber 5 b 
node at its cost, 

Q.51. Explain in brief about indexing. 

Ans, The index isa two dimensional table. Its records contain a key 5, 
mbes ~ an Of the data file which has the same value o¢ felg 
varranged in the sorted order of the keys. The index j, 
‘maintains an entry for each record of the file, This 
‘as dense index. The processing time of dense indexes 
‘if size of file is large. Only one entry per block is made jn 

\decrease the processing time in this condition the index is called ., 
pe to the block in which the entry could 
pertaining to a specific record. The block anchor can be either the first or 
record of the block. The size of index will have been b x 2 if b umber of 


‘lock is occupied by the file, 


RS What do you mean by hashing and indexing ? ? 
(R.GPRV., Nov. 2018) 


Sorting and Searching 


(1) A Stack is useful to store local variables used 
plock so that they can be discarded once the control come 
Psion block. 

(2) Stacks use in backtracking 
(3) Stacks is also used for parsing in OS 


(b) Applications of Stack in Database Management System 
sue manage data in database in LIFO order 


‘got! i) Queue — 


applications of queue in operating system 
(1) Queue are used to contain the interrupts in the operating 


One 


(2) Queue is used to process synchronization in Operating 
(3) Queue is used to perform CPU job scheduling and disk 


(4) Queue is used to perform round robin method. 
(5) Queue is used for the time-sharing system. 


(b) Applications of Queue in Database Management 
Queue is use to manage data in database in FIFO order. 


ii) Linked Lists — 


difference between an index function and a hasy 
ecl often built into hash function. oe : oe : 
[R.GP¥., Dec. 2005(1V-Sem), 2019) several applications of linked list in operating system - 
ives the sequential location of an array entry (1) Linked lists are used in operating system for allocation 
and maps it to some index in the array, ig memory at run time. 
(2) The cache in your browser which permits you to press 
n where a linked list of URLs can be used. 


(3) A linked list is used to manage unbounded memory in 


(b) Applications of Linked List in Database Management 


s _ (R.GRV., Nov. 2018) iked list can be used in managing relational databases. 


Spee There an (a) Applications of Tree in Operating System ~ The tree 
is useful because tree structure simply accommodates the creation 
n of folders and files. An operating system maintains a disk’s file 
a tree in which file and folder behave like tree nodes. 


— (a) Applications of Queue in Operating System ~ There 


_ 
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CS/TT-308 
B.E. (Third Semester) EXAMINATION, Dee. mia 


(Common for CS & IT F, 

Engg. Branch) 
DATA STRUCTURE/DATASTRUCTURE 
“f AND ALGORITHM 
~ Total nO. Of questions 10, Attempt one question (including 
from each unit. All questions carry equal marks 


What do you mean by algorithm complexity ? Discuss a priori analysi 
and posteriori testing of an algorithm ‘ 
Explain different nonprimitive data structures and the operations 
associated with them. (See Unit-1, Page 9.0.10 


Fig. 5.18 Tree Structure of Operating System Files 
~ {b) Applications of Tree in Database Management g 


Or 
Write an algorithm to obtain the sum of the first te: 


y! 3 A 3 

‘There are several applications of graph in DBMS - Stem. (@) following series using recursion. Also give iterative al 

(1) The data structures used in a DBMS context are By ex! Ye 
puffer trees, quad trees, R-trees, interval trees, hashing, etc. SS | Sa ai 
, (2) B-tree are well suited for database implementatig, o te advantages and disadvantages of array and linked list data- 

4 : ; s S. (S it-I, 51,058 

(3) Data structures for query processing —* inn a Unit-I ae re 
query expressed in a declarative language called structure query langua ) Write a function that creates a new linear linked list by selecting 
parser scans, parses and validates the query. SS the @) alternate elements of a given linear linked list. ; 


7) Convert the following expressions into postfix and prefix form. 


(v) Graph — (@) (A+B)*OD+ETFTG (ii) B*(-C)*D+ATD 


(See Unit-Il, Page 83, Q.29) 


of Graph in Operating System — There ag 
operating system — 

(1) ink structure of website could be shown by , 
directed graph, the vertices are the web pages available at the website ang 
directed edge fr page B exists ifand only if contains a link op 


Explain the following - 
(i) Multiple stacks 

ii) D-queue 

(iii) Multidimensional array. 


: (See Unit-II, Page 102, Q.52) 
Discuss about the implementation of fixed size block and variable size 
* block dynamic memory allocation. * 
Unit-III 
Obtain the adjacency-matrix, adjacency list and adjacency multilist 
representations of the following graph. 


* 


be an edge between two jobs which cannot be executed simultaneously ang 
there will be one to one relationship between feasible scheduling of graphs, 


L, Fig. (See Unit-IV, Page 191, Q.20) 
) Create B-Tree of order 5 from the following lists of data items — 20, 
30, 40, 10, 5, 40, 50, 60, 55, 65. (See Unit-IIl, Page 170, Q.59) 


